The use and advantages of computed tomography in equine medicine evaluated by clinical studies by Crijns, Casper






























































































































































































AAEP	 	 	 American	Association	of	Equine	Practitioners	
ACTH	 	 	 adrenocorticotropic	hormone	
CT	 	 	 computed	tomography	
FPJ	 	 	 femoropatellar	joint	
HU	 	 	 Hounsfield	Unit	
IA	 	 	 intra-arterial	
IV	 	 	 intravenous	
Κ	 	 	 Cohen’s	Kappa	
kV	 	 	 kilovoltage	
LFTJ	 	 	 lateral	femorotibial	joint	
mAs	 	 	 milliampere-seconds	
MFTJ	 	 	 medial	femorotibial	joint	
mgI	 	 	 milligram	Iodine	
MPR	 	 	 multi-planar	reconstruction	
MRI	 	 	 magnetic	resonance	imaging	
OC	 	 	 osteochondrosis	
P:B	ratio	 	 pituitary	gland	height-to-brain	area	ratio	
PEH	 	 	 progressive	ethmoidal	haematoma	
PI	 	 	 pars	intermedia	
PPID	 	 	 pituitary	pars	intermedia	dysfunction	
pQCT	 	 	 peripheral	quantitative	computerised	tomography	
ROI	 	 	 region	of	interest	
wΚ	 	 	 weighted	Kappa	
WL	 	 	 window	level	







































In	 current	 equine	 practice,	 imaging	 modalities	 such	 as	 radiography	 and	
ultrasonography	are	widely	used	as	diagnostic	tools	for	musculoskeletal	lesions.	The	
advantages	of	 these	diagnostic-imaging	tools	 include	availability,	mobility	and	ease	
of	 use,	 even	 in	 the	 horse’s	 stable.	 However,	 interpretation	 of	 the	 images	 can	 be	
challenging	 due	 to	 superimposition	 of	 anatomical	 structure,	 a	 narrow	 imaging	
window	and	because	of	 the	complexity	or	discreteness	of	 lesions.	Therefore,	 cross	
sectional	 imaging	 modalities	 such	 as	 computed	 tomography	 (CT)	 and	 magnetic	
resonance	imaging	have	been	introduced	in	equine	veterinary	medicine	to	overcome	
these	 limitations.	 In	 order	 to	 choose	 the	 appropriate	 imaging	 modality	 in	 clinical	
situations,	knowledge	of	their	capacities	and	limitations	is	necessary.	
	
This	 PhD	 thesis	 explores	 the	 use	 of	 computed	 tomography	 in	 equine	
medicine	in	various	clinical	studies.	First,	an	assessment	of	the	diagnostic	value	of	CT	
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and	 shorter	 scanning	 time),	 combined	 with	 software	 advances	 (multi-planar	
reformatting	 and	 volume	 rendering),	 and	 the	 use	 of	 new	 protocols	 (contrast-
enhanced	CT	and	standing	CT)	have	 increased	the	diagnostic	value	of	CT	 in	equine	
medicine.	CT	 is	used	 regularly	 for	 the	 indications	described	 in	 this	 review	 (but	 it	 is	
not	limited	to	these	indications).	To	determine	the	additional	value	of	CT,	CT	must	be	
compared	 to	 the	 first-line	 diagnostic	 modalities	 such	 as	 radiography	 and	
ultrasonography,	as	well	as	to	other	advanced	imaging	modalities	such	as	magnetic	







The	 use	 of	 computed	 tomography	 (CT)	 in	 equine	 medicine	 has	 evolved	
substantially	 since	 its	 first	 use	 in	 equine	 medicine	 in	 1984	 by	 Professor	 Francis	
Verschooten	 (personal	 communication).	 Over	 the	 years,	 the	 basic	 technique	 has	
improved	with	 faster	 scan-times	and	 improved	performance.	CT	 scanners	 are	now	
capable	of	 producing	much	 thinner	 slices,	which	provide	 superior	 information	 and	
allow	for	more	accurate	diagnosis.	However,	no	data	are	available	on	the	quantity	of	
CT	set-ups	available	for	horses.	An	increasing	amount	of	university	teaching	hospitals	
and	 private	 practices	 have	 installed	 CT	 scanners	 and	 provide	 simple	 and	 direct	
imaging	examinations	of	referral	patients	(without	intervention).	In	line,	the	amount	
of	 reports	 demonstrating	 the	 clinical	 usefulness	 of	 CT	 has	 increased	 in	 the	 last	 10	
years,	 with	 around	 60	 published	 reports	 prior	 to	 2006	 and	 about	 250	 published	
reports	after	2006	(PubMed	/	Web	of	Science).		
After	 acquisition,	 the	 raw	 data	 can	 be	 processed	 in	 a	 variety	 of	 ways	 to	
improve	 the	 diagnostic	 capabilities	 and	 the	 radiologist’s	 ability	 to	 visualise	
structures/lesions.	Depending	on	the	tissue	of	interest	(bone,	soft	tissue,	brain,	lung,	
etc.),	different	image	reconstruction	algorithms	are	used	to	emphasise	these	specific	
tissues.	 The	 contrast	 scale	 (window	width	 and	window	 level)	 can	 be	manipulated	
digitally	to	optimise	the	contrast	latitude	for	these	different	tissues	[1].	Multi-planar	
reconstruction	(MPR)	allows	the	orientation	of	the	source	images	to	be	manipulated,	
so	 that	 the	different	 structures	 can	be	 reviewed	 in	any	plane	 (Figure	1).	MPR	also	
allows	the	slice	thickness	to	be	adjusted	to	depict	curved	structures	more	easily	and	
to	 reduce	 the	 effects	 of	 certain	 artefacts	 on	 image	 quality.	 For	 example:	 beam-
hardening	and	partial	volume	artefacts	at	the	 level	of	the	thick	petrous	part	of	the	
temporal	 bones	 of	 the	 caudal	 cranial	 fossa	 are	 mainly	 caused	 by	 small,	 highly	
attenuating	 structures.	 Reducing	 the	 slice	 thickness	 of	 the	 scan	 reduces	 these	
artefacts	 but	 increases	 image	 noise.	 Re-sampling	 the	 thinner	 slices	 (0.6	mm)	 into	
thicker	 slices	 (2	mm)	 reduces	 this	 image	noise	 (noise	cancelation	by	averaging)	 [2]	






data	 available	 for	 evaluation	 (only	 the	outer	 shell	 of	 data	 is	 used	 to	 construct	 the	
images).	
In	 addition	 to	post-processing,	 iodine-based	 contrast	media	 can	be	used	 to	
better	 characterise	 and	 differentiate	 normal	 from	 pathological	 structures.	 These	
contrast	media	can	be	used	 intravascularly	 (intra-venously	or	 intra-arterially)	 [3,	4]	
or	 intrathecally,	 intra-articularly	 or	 intra-synovially	 [5-8].	 Intrathecal,	 intra-articular	
and	 intra-synovial	 contrast	 administration	 is	 based	 on	 the	 delineation	 of	 normal	
anatomical	 structures	 (e.g.	 joint	 cartilage)	 and	 infiltration	 of	 contrast	 into	 lesions	
	
Figure	1:	Transverse,	sagittal,	dorsal	and	3D	reconstructed	CT	images	of	a	15-year-old	Irish	
pony	 gelding	 with	 a	 simple,	 acute,	 biarticular,	 complete,	 closed,	 not	 displaced	 spiral	
fracture	of	P2	(medial	or	dorsal	is	to	the	left).	A	fracture	 line	(<1mm)	is	visible,	starting	 in	
the	 pastern	 joint	 and	 is	 oriented	 in	 a	 dorsomedial-plantarolateral	 direction	 (A).	 The	
fracture	runs	distally	in	a	spiral	(B)	and	ends	as	2	fracture	lines	(arrow	points)	in	the	coffin	
joint	 in	 the	 plantar	 part	 of	 the	 medial	 condyl	 (C),	 separating	 an	 intra-articular	 non-




(e.g.	 a	 tear	 in	 a	 cruciate	 ligament	 in	 the	 stifle)	 [5].	 Intravascular	 contrast	
enhancement	 is	 based	 on	 the	 increased	 opacity	 of	 (neo-)	 vascularised	 structures	
(e.g.	tendon,	ligaments	and	the	soft	tissue	structures	in	the	head)	[4,	9].	The	uptake	
of	 iodine	 contrast	 media	 is	 influenced	 by	 the	 iodine	 dosage	 per	 kilogram	 body	
weight,	the	rate	of	injection,	the	product’s	osmolarity	and	viscosity,	the	variability	in	
heart	 rate	 and	 blood	 pressure	 during	 anaesthesia,	 and	 the	 patient’s	 positioning	
(lateral	or	dorsal	recumbency)	[10,	11].	Normally	the	protocol	used	in	small	animals	
would	be	extrapolated	and	used	in	horses	(600	mgI/kg	injected	at	a	rate	of	2	ml/s)	
[12-14].	 However,	 administering	 a	 comparable	 amount	 of	 contrast	 in	 horses	 is	
considered	impractical	and	costly.	Several	protocols	with	variable	enhancement	are	
described	 in	 the	 literature	 [4,	 9,	 10,	 15,	 16],	 but	 further	 research	 has	 yet	 to	
determine	 the	 optimal	 contrast	 dosage	 and	 administration	 technique	 for	 equine	
patients.	
Detailed	descriptions	of	the	normal	CT	anatomy	of	the	head	and	most	regions	
of	 the	 limb	 has	 been	 published	 [3,	 4,	 5,	 6,	 7,	 8,	 17,	 18,	 19].	 In	 these	 studies	 the	
benefits	of	CT	arthrography	[5-8]	and/or	intra-vascular	contrast-enhanced	CT	[4],	to	
visualise	 and	 characterise	 normal	 soft	 tissue	 anatomy	 are	 described.	 These	
anatomical	 studies	are	useful	 references	guides	highlighting	possibilities,	variations	
and	shortcomings	of	CT	in	combination	with	contrast	enhanced	CT	in	these	regions.		
CT	 studies	 in	 equine	 practice	 are	 performed	 on	 recumbent	 horses	 under	
general	anaesthesia	or	on	sedated,	standing	horses	(Figure	2).		
Specifically,	 for	 the	use	of	CT	 in	horses,	beside	a	CT	scanner	and	associated	
equipment	 additional	 adaptations	 of	 the	 facilities	 are	 needed	 to	 accommodate	
horses.	 To	 perform	 CT	 examinations	 under	 general	 anaesthesia,	 an	 induction	 and	
recovery	 box	 (preferably	 one	 that	 allows	 assisted	 recovery),	 equipment	 for	
maintaining	general	anaesthesia	and	patient	monitoring,	and	a	hoist	to	transport	the	
horse	and	lift	it	onto	the	custom-made	table	are	needed	[20].	For	standing	CT	of	the	




has	 always	 been	 a	 concern,	 due	 to	 the	 risks	 and	 the	 additional	 costs	 [22].	 Thus,	
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scanning	 the	 head	 while	 the	 horse	 is	 standing	 is	 becoming	 more	 popular.	 The	
primarily	 disadvantages	 of	 this	 technique	however	 are:	 the	 inability	 to	 scan	 limbs,	
the	 increased	 probability	 of	motion	 artefacts	 that	 necessitate	 re-scanning	 and	 the	




CT	 in	 horses	 is	 primarily	 focused	 on	 musculoskeletal	 injuries	 of	 the	 limbs,	
head	 and	 cranial	 neck,	 dental	 pathology,	 and	 sinonasal	 disease.	 The	 size	 of	 the	
patient	 relative	 to	 the	 size	 of	 the	 gantry	 (variable	 between	 50	 to	 85	 cm)	 is	 the	
limiting	 factor	 for	 CT	 in	 horses.	 Reports	 on	 adult	 horses	 illustrate	 that	 extremities	
can	be	scanned	up	to	the	stifle	and	the	head	and	neck	to	C4	[24]	(in	individual	cases,	
to	 C7-T1	 [25]).	 In	 foals	 and	miniature	 horses,	 size	 restriction	 does	 not	 apply,	 and	
scanning	of	thorax,	abdomen	or	pelvis	is	possible	[26-29].		
Musculoskeletal	injuries	of	the	limbs	
Lameness	 is	 a	 common	 cause	 of	 performance-related	 wastage	 in	 equines.	
Radiography	and	ultrasonography	are	widely	used	by	general	practitioners	to	detect	
and	 diagnose	 musculoskeletal	 disease	 [1].	 However,	 the	 limitations	 of	 these	
modalities	 must	 be	 considered,	 an	 accurate	 diagnosis	 is	 essential	 for	 an	 optimal	
	








treatment,	management	 plan,	 and	 realistic	 prognosis,	 to	 allow	 the	 horse	 the	 best	
chance	of	returning	to	its	previous	athletic	level.	Advanced	imaging	modalities,	such	
as	CT,	scintigraphy	and	magnetic	resonance	imaging	(MRI),	add	important	diagnostic	
information	 to	 the	 traditionally	 used	 radiography	 and	 ultrasonography.	 The	





The	 interpretation	 of	 the	 clinical	 relevance	 of	 radiographic	 changes	 in	 the	
navicular	 bone	 differs	 among	 clinicians.	 Several	 studies	 on	 navicular	 disease,	
comparing	 CT	 to	 plain	 radiographs,	 have	 illustrated	 the	 limitations	 of	 the	 latter	
technique:	 on	 a	 lateromedial	 radiographic	 projection,	 the	 indistinct	 demarcation	
between	 compact	 and	 spongiform	bone	 and	bone	densification	of	 the	 spongiform	
bone	is	prone	to	over	interpretation	[30].	Conversely,	the	detection	of	distal	border	
fragments	 is	 underestimated	 on	 the	 dorsoproximal-palmarodistal	 oblique	
radiographic	projection	[30].	The	radiographic	evaluation	of	the	number	and	depth	
of	 the	 synovial	 invaginations	 in	 the	 distal	 navicular	 border	 is	 also	 underestimated	
[19].	These	 specific	 radiographic	 changes	are	commonly	used	 for	grading	navicular	
disease	 and	 assessing	 the	 risk	 factors	 for	 future	 sport	 performances.	 Due	 to	
disadvantages	as	general	anaesthesia	and	the	higher	costs	of	a	CT	examination,	CT	
will	 not	 replace	 radiography	 as	 a	 screening	 test	 for	 navicular	 disease.	 Further	





repeatedly	 reported	 [31-35].	 The	 limited	 ability	 to	 determine	 fracture	 length,	
complexity	and	orientation	on	 radiographs	has	been	observed	during	 surgery	 [36].	
Detecting	 additional	 fracture	 lines	 during	 surgery	 complicated	 and	 lengthened	 the	






Osteoarthritis,	 a	 degenerative	 process	 affecting	 joints,	 is	 frequently	
encountered	 in	 horses.	 The	 presence	 of	 osteophytes,	 enthesiophytes,	 sclerosis,	
osteolytic	 lesions	 and	 cartilage	 defects	 constitute	 the	 major	 changes	 observed	 in	
osteoarthritis.	 Even	 in	 an	 anatomically	 relatively	 simple	 joint	 such	 as	 the	 fetlock,	
these	changes	are	easily	missed	or	underestimated	with	radiography	[37].	In	fact,	to	
overcome	 the	 limited	 contrast	 resolution	of	 radiography,	 the	mineral	 content	of	 a	
bony	 lesion	 has	 to	 change	 by	 at	 least	 30%	 to	 become	 visible	 [38].	 Compared	 to	
radiography,	CT	is	able	to	detect	subtler	changes	and	changes	in	an	earlier	stage	[37]	
(Figure	3).	
Comparing	CT	to	MRI,	 the	studies	of	Olive	et	al.	 [37]	and	O’brien	et	al.	 [39]	
focused	 on	 the	 cartilaginous	 and	 non-cartilaginous	 structures	 of	 the	




possibly	 detected	 using	 a	 special	 MRI	 sequence	 –	 a	 sagittal	 3D	 spoiled	 gradient	
recalled	 echo	 with	 fat	 saturation.	 The	 presence	 of	 these	 small	 changes	 was	 not	
confirmed	on	gross	pathology	and	other	(more	routinely	used)	MRI	sequences	could	
not	 replicate	 these	 results.	 As	 histopathology	 was	 not	 performed,	 and	 other	




The	 study	 of	Hontoir	 et	 al.	 [40]	 showed	 that	 CT	 arthrography	 is	 a	 valuable	
tool	 for	assessing	cartilage	defects.	Compared	 to	 specific	high	 field	MRI	 sequences	
(3D	fast	spin	echo	or	dual	echo	in	the	steady	state	sequences),	CT	arthrography	has	
better	 contrast	 resolution,	 higher	 spatial	 resolution,	 and	 less	 limitation	 due	 to	
artefacts.	 This	 results	 in	 a	 better	 correlation	 between	 imaging	 findings	 and	
macroscopic	 findings	 of	 cartilage	 defects	 [40].	 Similar	 results	 are	 reported	 in	 the	
human	medicine	literature	[41].	When	comparing	CT	arthrography	and	conventional	
MRI,	CT	arthrography	has	proven	to	be	superior	in	detecting	especially	small	surface	





Figure	 3:	 Transverse	 CT	 (A)	 and	 transverse	 CT	arthrogram	(B)	 images	 of	 a	left	
metacarpophalangeal	 joint	 (medial	 is	 to	 the	 left).	The	 joint	 cartilage	of	 the	condyles	of	
the	 third	metacarpal	bone	 and	 the	 proximal	sesamoid	bones	separated	by	 the	 palmar	
synovial	 recess	cannot	be	differentiated	 from	each	other	 (A);	 the	CT	arthrogram	(same	
level	 as	 A)	 shows	 contrast	 medium	 (arrow)	in	 the	 joint	 cartilage	 of	 the	 medial	 palmar	
condyle	 of	 the	 third	 metacarpal	 bone,	 representing	a	 full-thickness	 cartilage	 lesion.	1	
distal	 condyles	 of	 the	 third	 metacarpal	 bone;	 2	 proximal	 sesamoid	 bones;	 3	 dorsal	
synovial	 recess	 of	 the	 metacarpophalangeal	 joint;	 4	 palmar	 synovial	 recess	 of	 the	
metacarpophalangeal	 joint,	 separating	 cartilage	 of	 the	 palmar	 aspect	 of	 the	 medial	





Ultrasonography	 is	 the	 standard	 imaging	 modality	 used	 for	 tendon	 and	
ligament	 lesions	 in	 horses.	 In	 cases	 of	 an	 ultrasonographic	 inconclusive	 diagnosis	
(e.g.	 vague	 suspensory	 ligament	 injury	 or	 involving	 structures	 within	 the	 hoof	
capsule)	 the	 use	 of	MRI	 has	 been	documented	 in	 the	 literature	 [42-45].	However,	
when	MRI	 is	not	available,	CT	 in	combination	with	 intra-arterial	contrast-enhanced	
CT	has	been	suggested	as	an	alternative	(Figure	4).		
	
Figure	 4:	 Transverse	 (A	and	B)	and	sagittal	 (C)	post-intra-arterial	 contrast	CT	 images	of	
the	distal	 limb	of	 a	 7	 year-old	Warmblood	 gelding	 (medial	 or	 dorsal	 is	 left).	 A	 core	 to	
dorsal	border	 lesion	with	peripheral	 enhancement	 is	 present	 in	 the	medial	 lobe	of	 the	
DDFT	 (open	 arrow)	 just	 proximal	 to	 the	 navicular	 bone.	 A	 concurrent	 navicular	 bursa	





The	 studies	 of	 Vallance	 et	 al.	 [46,	 47]	 and	 the	 study	of	 Puchalski	 et	 al.	 [9],	
which	focused	on	the	soft	tissue	structures	of	the	foot,	show	that	CT	combined	with	
contrast-enhanced	 CT	 has	 higher	 visibility	 scores	 for	 the	 distal	 phalanx,	 whereas	
standing	 low-field	 MRI	 could	 better	 visualise	 the	 impar	 ligament,	 the	 synovial	
structures	 (except	 for	 the	 tendon	 sheath),	 and	 the	 distal	 part	 of	 the	 deep	 digital	
flexor	 tendon,	 with	 no	 significant	 difference	 for	 the	 remaining	 ligamentous	
structures	in	the	foot	[47].		




the	 image	quality	 is	 best	 in	 the	 centre	of	 the	 image	 (in	 the	 focus	of	 the	 region	of	
interest)	 and	 image	 quality	 decreases	 towards	 the	 periphery	 of	 the	 field	 of	 view.	
Thus,	structures	in	the	periphery	of	the	image	are	less	easy	to	detect	or	evaluate.	If	
the	 focus	 of	 the	 MRI	 study	 had	 been	 on	 structures	 other	 than	 the	 foot,	 the	









bone	pathology	 [17,	 48,	 49]	 and,	 to	 a	 lesser	 extent,	 intra-cranial	 disease	 [11].	 The	
normal	 anatomical	 CT	 appearance	 and	 lesion-specific	 CT	 characteristics	 have	 been	
described	for	most	lesions,	but	accurately	interpreting	CT	images	of	the	equine	head	
requires	some	experience	[10].	 In	contrast	to	musculoskeletal	 injuries	of	the	 limbs,	





CT	 has	 the	 advantage	 that	 it	 can	 be	 performed	 in	 standing	 horses,	 thus	 avoiding	
general	 anaesthesia.	 This	 is	 especially	useful,	 as	 in	most	 cases	 treatment	does	not	
require	 general	 anaesthesia	 either.	 When	 general	 anaesthesia	 is	 required,	 the	
shorter	 study	 time	 associated	 with	 CT	 compared	 to	 MRI	 facilitates	 diagnosis	 and	
treatment	 during	 the	 same	 general	 anaesthesia	 session	 [50].	 To	 date,	MRI	 of	 the	
head	 requires	 general	 anaesthesia,	 and	 the	 long	 scanning	 times	usually	 result	 in	 a	
second	general	anaesthesia	session	when	surgical	treatment	is	required	[51].	
Bone	trauma	
The	bony	skull	of	 the	horse	 is	very	prone	to	trauma	−	e.g.	 from	falling	over	
backwards,	 direct	 kicks	 from	other	 animals,	 or	 running	 into	 stationary	objects	 [52,	
53].	In	these	cases,	it	is	important	to	obtain	specific	and	thorough	information	about	
the	 lesion’s	 type,	 localisation,	 extent,	 severity,	 and	 the	 involvement	 of	 brain	 and	
other	 soft	 tissue.	 A	 presumptive	 diagnosis	 based	 on	 clinical	 history,	 physical	
examination,	 radiography	 and	 endoscopy	 can	 be	 made,	 but	 several	 reports	 have	
mentioned	the	risk	of	overlooking,	or	underestimating	the	extent	of	lesions	[52-54].	
CT	 has	 proven	 to	 be	 very	 sensitive	 and	 reliable	 in	 visualising	 bony	 trauma	 to	 the	
head,	especially	 in	regions	 (such	as	the	ventral	cranium	or	the	temporomandibular	
joint)	that	are	less	accessible	via	other	imaging	modalities	(Figure	5)	[52,	53-55].		
Larger	 case	 studies	 comparing	 the	 capabilities	 of	 the	 different	 imaging	
modalities	are	lacking.	Unpublished	data	have	shown	that,	when	radiography	and	CT	
are	compared	to	a	gold	standard	such	as	surgery	or	gross	pathology,	the	true	extent	





The	 hyoid	 apparatus	 can	 be	 affected	 by	 equine	 temporohyoid	
osteoarthropathy,	 a	 progressive	 disease	 characterised	 by	 osseous	 proliferation	 of	
the	temporohyoid	articulation	and	the	surrounding	structures	[48,	57,	58].	An	acute	
onset	 can	 be	 recognised	 by	 vestibular	 and/or	 facial	 nerve	 signs	 due	 to	 petrous	
temporal	 bone	 fractures	 through	 the	 ankylosed	 joint	 [48,	 58].	 Diagnosis	 is	






3	 month-old	 foal	 (rostral	 is	 to	 the	 left).	 A	 double	 fracture	 of	 the	 zygomatic	 bone	 (A:	
arrows)	and	suspicion	of	a	 fracture	of	 the	base	of	 the	zygomatic	process	of	 the	 frontal	
bone	(B:	arrow	point)	are	detected	(A	and	B).	Multiple	fractures	are	visible	surrounding	
the	 left	 orbita	 (C	 and	 D).	 The	 fractures	 included	 the	 mandibular	 fossa	 and	
temporomandibular	joint,	the	zygomatic	process	of	the	frontal	bone,	the	zygomatic	arch	
and	the	zygomatic	bone	down	to	the	alveolus	of	element	109	(not	visible	on	the	image).	





10	of	 the	16	cases	of	 temporohyoid	osteoarthropathy	described	 in	 the	study	were	
diagnosed	 only	 with	 CT	 [48].	 CT	 is	 able	 to	 identify	 previously	 undiagnosed	 stress	
fractures	of	the	temporal	and	stylohyoid	bone,	lytic	osseous	changes	and	thickening	
of	the	ceratohyoid	bone,	and	the	presence	of	subclinical	bilateral	disease	and	other	
abnormalities	 of	 adjacent	 structures	 [48].	 The	 study	 of	 Hilton	 et	 al.	 [48]	 has	 also	
shown	an	age-associated	 increase	of	the	 lesions’	severity	and	an	 increased	 level	of	
neurologic	 dysfunction	 associated	 with	 the	 increased	 width	 of	 the	 styloid	 bone,	
which	has	been	confirmed	by	the	study	of	Naylor	et	al.	[58].	Although	the	aetiology	
has	not	been	established,	the	additional	evidence	from	CT	supports	the	theory	of	a	
degenerative	 process	 [48,	 57,	 58].	 With	 the	 more	 complete	 evaluation	 that	 CT	
provides,	diagnosis	of	bilateral	disease	can	be	made	at	an	early	(subclinical)	stage	in	




is	 the	 primary	 diagnostic	 modality	 used	 −	 but	 it	 is	 an	 imprecise	 method	 for	
diagnosing	 dental	 disease,	 mainly	 because	 of	 superimposition	 [54].	 CT	 has	 been	
shown	 to	 be	 very	 helpful	 in	 detecting	 changes	 in	 the	 cheek	 teeth	 that	 are	 not	
detected	 with	 radiography	 [54,	 59].	 Computed	 tomographic	 studies	 report	 a	 high	
prevalence	of	infundibular	changes	in	both	normal	and	diseased	cheek	teeth,	which	
has	 raised	 questions	 about	 the	 clinical	 relevance	 of	 the	 changes	 encountered	 [59,	
60].	 Studies	 describing	 the	 normal	 anatomic	 and	 physiologic	 appearance	 of	 the	
cheek	 teeth	 have	 systematically	 identified	 age-dependent	 pulpar	 anatomy	 and	
enamel	 morphology	 with	 CT	 [61]	 and	 have	 been	 able	 to	 differentiate	 between	
patterns	of	normal	physiologic	appearance	and	pathologic	lesions	in	maxillary	cheek	
teeth	[59].		
The	 following	 criteria	are	used	 for	a	 reliable	evaluation	of	 a	 tooth’s	health:	
the	 extent	 of	 the	 loss	 of	 definition	 of	 the	 laminae	 dura	 dentes,	 the	 amount	 of	
periapical	 lysis,	 the	 progressive	 demineralisation	 of	 the	 dental	 cementum,	 enamel	
and	dentin,	 the	presence	of	gas	 in	 the	pulp	cavity,	widening	of	 the	pulp	canal	and	
pulp	 chamber,	 and	 infundibular	 changes	 (Figure	 6a)	 [54,	 59,	 60].	 Compared	 to	
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painful,	but	are	usually	associated	with	a	persistent	 fistulous	 tract	 located	distal	at	
the	base	of	the	ear	[63].	Radiography	is	used	primarily	to	visualise	and	identify	the	
location	of	the	associated	ectopic	tooth	[64],	but	superimposition	of	the	petrous	part	
of	 the	 temporal	 bone,	 in	 particular,	 can	make	 it	 difficult	 to	 localise	 those	 ectopic	
teeth.	Computed	tomography	is	recommended	to	confirm	the	diagnosis,	localise	the	
teeth,	or	exclude	the	presence	of	ectopic	tooth	tissue	in	these	cases	[63].	CT	allows	a	














Figure	 6:	 A:	 Transverse	CT	 image	of	 a	 5	 year-old	Warmblood	horse	 at	 the	 level	 of	 the	
fourth	premolars	visualising	an	alveolitis	and	infundibulum	necrosis	of	element	208	with	
secondary	sinusitis	in	bone	algorithm	(right	is	to	the	left).	Element	208	shows	a	widened,	






tooth)(star)	 is	visible	dorsolaterally	 to	 the	right	petrosal	bone	extending	in	 the	occipital	
bone,	with	interruptions	(arrow)	of	the	bony	outlining	of	the	cerebellum.	
C:	Transverse	CT	image	at	the	level	of	the	ethmoid	of	a	13	year-old	Warmblood	horse	in	
soft	 tissue	 algorithm	 (rostral	 or	 right	 is	 to	 the	 left).	 A	 heterogeneous	 soft	 tissue	 mass	
(most	 likely	 an	 ethmoid	 hematoma)	 is	 originating	 from	 the	 right	 ethmoid	 turbinates	
(star)	and	extending	to	the	frontal	sinus	(cross).		
D:	Transverse,	post-contrast	CT	 image	of	a	6	year-old	Shetland	pony	at	the	 level	of	the	
pituitary	 gland	 in	 a	 soft-tissue	 algorithm	 (right	 is	 to	 the	 left).	 The	pituitary	 gland	 (star)	
seems	 mildly	 enlarged	 and	 spherical	 with	 a	 distinct	 ring	 enhancement	 and	 only	 a	










region	 [67,	68].	Equine	paranasal	 sinus	disease	can	be	divided	 into	 two	categories:	
primary	 sinusitis,	 caused	 by	 viral	 or	 bacterial	 infections,	 and	 secondary	 sinusitis,	
which	is	most	often	caused	by	a	tooth	problem	or	space-occupying	mass	(e.g.	sinus	
cyst)	 [50,	 68].	 However,	 the	 complexity	 of	 the	 area	 in	 combination	 with	 subtle	
changes	 and	 the	 inability	 of	 completely	 visualising	 all	 structures	 (e.g.	 the	
sphenopalatine	 sinus)	 on	 standard	 radiographs	 should	 be	 considered	 [69].	 An	
accurate	diagnosis	of	the	underlying	cause	and	the	structures	involved	is	necessary	
in	order	 to	 treat	a	 sinus	 lesion	 successfully	and	avoid	 recurrence	of	 the	 symptoms	
[70].	 The	normal	air	 and	bone	 interface	present	 in	 the	paranasal	 sinuses	 improves	
the	CT	image	contrast	to	a	degree	that	allows	even	the	soft-tissue	structures	(such	as	
the	mucous	membranes)	 to	 be	 evaluated	 [66,	 69,	 70],	 enabling	 CT	 to	 identify	 the	
different	structures	involved	in	the	pathology	[69,	71].		
Ethmoids	
Progressive	 ethmoidal	 haematoma	 (PEH)	 in	 horses,	 a	 chronic	 lesion	 that	
causes	intermittent	epistaxis,	is	well	documented	[72].	The	appearance	of	PEH	on	CT	
is	 a	mild	 to	moderately	heterogeneous	 soft	 tissue	mass,	 slightly	hyper-attenuating	
Figure	 7:	 Lateral	 (A)	 and	 dorsal	 (B)	 3-dimensional	 volume	 rendered	 CT	 images	 of	 an	
equine	head	with	indications	of	the	level	representing	the	transverse	CT	images	(C,	D,	E,	
F,	 G	 and	 H)	 of	 the	 paranasal	 sinuses	 without	 pathology	 of	 a	 19	 year-old	Warmblood	
horse	 (rostral	 or	 right	 is	 to	 the	 left).	 At	 the	 level	 of	 element	 108,	 the	 most	 rostrally	





110.	 The	 slit-like	 nasomaxillary	 opening	 (long	 curved	 arrow)	 is	 the	 connection	 of	 the	
nasal	 cavity	 and	 the	 caudal	 maxillary	 sinus	 and	 the	 conchomaxillary	 opening	 (straight	
arrow)	 connects	 the	 ventral	 conchal	 sinus	 with	 the	 caudal	 maxillary	 sinus.	 In	 the	
literature,	 the	 frontal	 and	 dorsal	 conchal	 sinuses	 are	 sometimes	 united	 as	 the	
frontalconchal	 sinus	 illustrated	 by	 the	 red/light-blue	 striation	 at	 the	 level	 of	 elements	
110	 and	 111.	 The	 caudal	 maxillary	 sinus	 is	 connected	 to	 the	 frontal	 sinus	 by	 a	 large	
frontomaxillary	 opening	 (double	 arrow).	 At	 the	 level	 of	 the	 ethmoid	 (cross),	 the	
sphenopalatinal	 opening	 (yellow/pink	 striation)	 is	 a	 broad	 connection	 between	 the	





relative	 to	muscle	 tissue,	 with	 no	 (or	 only	mild)	 anatomic	 distortion	 and,	 on	 rare	
occasions,	 bone	 destruction	 (Figure	 6c).	While	 endoscopy	 and/or	 radiography	 will	
often	enable	the	presence	of	PEH	to	be	identified,	CT	is	invaluable	in	showing	its	true	
extent	 and	 exact	 localisation	 [72,	 73].	 CT	 can	 detect	 bilateral	 occurrence,	 identify	
paranasal	 sinus	 involvement	 (sphenopalatine	 sinus	 involvement,	 in	 particular,	 is	
often	missed),	and	show	whether	PEH	is	in	close	proximity	to	the	cribriform	plate	or	
whether	the	optic	canal	is	eroded.		
Knowing	the	full	extent	of	PEH	is	 important,	because	there	is	 less	 likelihood	
of	 recurrence	when	all	of	 the	 lesions	are	 treated	appropriately	 [72].	The	 lesions	 in	
the	sphenopalatine	sinuses,	 in	particular,	cause	recurrence	of	PEH	more	often,	due	








reported	 [11],	 as	 well	 as	 CT-guided	 brain	 biopsy	 (a	 technique	 that	 allows	 in	 vivo	
histopathologic	 diagnosis	 of	 intracranial	 lesions)	 [76],	 but	 these	 are	 case	 reports.	
Limited	 capabilities	 using	 CT	 to	 diagnose	 brain	 parenchyma	 lesions,	 such	 as	
multifocal,	diffuse,	abnormal	brain	parenchyma	and	meningeal	inflammation	or	non-
acute	haemorrhage	−	should	be	considered	[10,	11].	To	be	visualised	on	pre-contrast	
images,	 an	 intracranial	 lesion	 should	 have	 an	 abnormal	 opacity,	 such	 as	 acute	
haemorrhage	 and	 focal	 hyperdense	 structures	 in	 fluid-filled	 densities	 (cholesterol	
granulomata),	or	an	abnormal	appearance,	such	as	a	midline	shift,	distortion	of	the	
lateral	ventricles,	hydrocephalus	and	sometimes	bone	lysis	[10,	11,	23,	75].	Contrast-
enhancement	 CT	 can	 help	 differentiate	 between	 brain	 abscesses,	 neoplasms	 and	
infarction	 areas,	 and	 meningeal	 congestion	 can	 be	 diagnosed	 [10,	 11].	 Contrast-
enhancement	 CT	 is	 also	 an	 established	 method	 for	 visualising	 and	 measuring	 an	
enlarged	 pituitary	 gland	 to	 diagnose	 pituitary	 pars	 intermedia	 dysfunction	 (Figure	
CH.	1:	CT	IN	EQUINE	MEDICINE	
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6d).	 When	 comparing	 CT	 with	 gross-	 and	 histopathology,	 researchers	 found	
analogous	 lesions	 and	 concluded	 that	 CT	 diagnosis	 was	 comparable	 [10,	 11,	 15].	
Histopathology	 also	 demonstrated	 additional	 lesions	 in	 CT-negative	 examinations.	
Therefore,	 CT	 can	 demonstrate	 intra-cranial	 lesions,	 but	 cannot	 exclude	 them.	 In	
human	and	small	animal	medicine,	MRI	has	proven	to	be	more	sensitive	and	specific	
in	detecting	central	nervous	system	lesions	[49].	 In	equine	medicine,	the	specificity	








and	 further	 increasing	 possibilities	 of	 scanning	 standing	 sedated	 horses	 (neck	 and	
limbs)	 shows	 the	 increase	 in	 interest	and	appreciation	 for	CT.	As	 the	 limits	of	CT’s	
diagnostic	possibilities	have	not	yet	been	reached,	research	in	this	field	is	on-going.	
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The	 general	 aim	 of	 this	 PhD	 thesis	 was	 to	 evaluate	 the	 use	 of	 computed	
tomography	(CT)	in	equine	medicine	based	on	various	clinical	and	research	studies.	




of	 CT	 however	 have	 to	 be	 weighed	 against	 the	 (higher)	 costs,	 the	 increase	 in	
exposure	to	ionising	radiation	and	(often)	the	need	for	general	anaesthesia.	





o The	 specific	 aim	 of	 the	 first	 and	 second	 study	 was	 to	 document	 the	
agreement	 between	 radiography	 and	 CT	 in	 visualising	 fracture	
characteristics	 in	 (retrospectively)	 selected	clinical	 cases	of	1:	distal	 limb	
fractures	and	2:	head	fractures.	
o The	 third	 study	 was	 an	 unusual	 case	 report	 of	 a	 horse	 suffering	 from	
lameness	 originating	 from	 the	 stifle,	 to	 demonstrate	 the	 abilities	 of	




o The	 specific	 aim	 of	 the	 fourth	 study	 was	 to	 describe	 and	 compare	
physiologic	 contrast	 enhancement	 of	 the	 soft	 tissue	 structures	 after	
systemic	intravenous	and	direct	 intra-arterial	administration	of	contrast	
medium.	
o The	 specific	 aim	 of	 the	 fifth	 study	 was	 to	 determine	 a	 pituitary	 gland	

































distal	 limb	 fractures	and	their	anatomic	characteristics	 in	horses.	So	 far,	 this	 is	not	
supported	 by	 evidence	 from	 studies	 comparing	 both	 imaging	 modalities.	 A	
retrospective	study	of	the	 image	records	of	a	population	of	horses	that	underwent	
radiographic	 and	 CT	 evaluation	 for	 suspected	 distal	 limb	 fracture	 was	 conducted.	
Twenty-seven	 patients	 and	 three	 negative	 controls	 were	 included.	 Using	 Cohen’s	
kappa	and	weighted	kappa	analysis,	 the	 level	of	agreement	between	four	different	
observers	 for	 a	 predefined	 set	 of	 radiological	 characteristics,	was	 documented	 for	
radiography	 and	 CT	 separately,	 as	 well	 as	 the	 level	 of	 agreement	 for	 these	
parameters	 between	 the	 two	 imaging	 modalities.	 The	 visualisation	 of	 fractures	
showed	 very	 good	 intra-modality	 agreement	 (0.8<kappa<1)	 for	 both	 CT	 and	
radiography,	 but	 moderate	 inter-modality	 agreement	 only	 (0.4<kappa<0.6).	 The	
anatomic	 localisation	 showed	 very	 good	 inter-modality	 and	 intra-modality	
agreement.	 Fracture	 displacement	 showed	 good	 inter-modality	 and	 intra-modality	
agreement	 (0.6<kappa<0.8).	 For	 articular	 involvement,	 fracture	 comminution	 and	
fracture	fragment	number,	all	agreement	levels	bordered	on	the	lower	limit	of	good	




In	 conclusion,	 although	 for	 various	 parameters	 the	 agreement	 profile	 is	
similar,	 the	 data	 suggest	 that	 CT	may	 offer	 added	 value	 in	 diagnosing	 distal	 limb	
fractures	 in	 horses.	 This	 study	 provides	 the	 rationale	 for	 a	 prospective	 controlled	






Distal	 limb	 fractures	 constitute	 a	 relatively	 common	 and	 well-described	
disorder	 in	horses	 [1-3].	Accurate	diagnosis	of	 such	 fractures	 is	 critical	 in	directing	
treatment,	 indicating	 a	 prognosis	 and	 preventing	 complications	 [4,	 5].	 Generally,	
radiography	 is	used	as	a	 first	 line	diagnostic	modality	 to	visualise	 fractures	 in	 lame	
horses.	Although	 two	or	more	projections	can	be	 taken,	accurate	 interpretation	of	
such	radiographs	may	be	challenging	due	to	the	complexity	of	this	type	of	fracture	
and	 the	 anatomical	 superimposition	 of	 the	 bones	 [4-11].	 It	 is	 well	 known	 that,	
overall,	 computed	 tomography	 provides	 images	 with	 a	 higher	 contrast	 resolution	
than	 radiographic	 images	 [12-14].	 With	 CT,	 cross-sectional	 images	 are	 acquired	
which	eliminates	 superimposition	of	 structures	 [12-14].	 In	humans,	CT	 is	 therefore	
considered	 the	 gold	 standard	 for	 the	 diagnosis	 of	 bone	 injuries	 [15].	 Although	 in	
horses,	CT	can	be	used	to	visualise	the	head,	the	neck	and	the	limb	up	to	the	stifle,	
the	physical	dimensions	of	the	animal,	the	need	for	general	anaesthesia,	as	well	as	






17,	 18].	 Along	 this	 line,	 there	 is	 increasing	 interest	 in	 CT	 as	 a	 clinical	 diagnostic	
modality	 in	 horses	 [13,	 16,	 18].	 However,	 evidence	 from	 comparative	 studies	 to	
support	 the	presumed	 superiority	of	CT	over	 radiography	 in	diagnosing	distal	 limb	
fractures	in	horses	is	not	available.	
As	 a	 first	 step	 towards	 this	 goal,	 the	 objective	 of	 the	 current	 study	was	 to	
document	 the	 agreement	 between	 radiography	 and	 CT	 in	 visualising	 equine	 distal	
limb	 fractures	 and	 their	 anatomic	 characteristics.	 A	 retrospective	 study	 of	 a	
population	of	horses	that	underwent	radiographic	and	CT	evaluation	for	suspected	








The	 study	 population	 was	 selected	 at	 two	 different	 clinical	 centres:	 the	
Department	 of	Medical	 Imaging	 and	 Small	 Animal	 Orthopaedics	 of	 the	 Faculty	 of	
Veterinary	Medicine	of	Ghent	University,	Belgium	and	the	private	clinic,	Lingehoeve	
Diergeneeskunde,	The	Netherlands.	Through	 retrospective	medical	 record	analysis,	
all	 horses	 that	 presented	 with	 a	 suspected	 distal	 limb	 fracture	 and	 those	
subsequently	 underwent	 evaluation	 with	 radiography	 as	 well	 as	 with	 CT	 were	
identified.	At	the	Department	of	Medical	Imaging	and	Small	Animal	Orthopaedics	of	
the	Faculty	of	Veterinary	Medicine	of	Ghent	University,	Belgium	all	records	between	
1998	 and	 2010	 were	 reviewed,	 and	 nine	 horses	 were	 identified.	 At	 Lingehoeve	
Diergeneeskunde,	 The	 Netherlands,	 all	 records	 between	 2003	 and	 2010	 were	
reviewed,	 and	 eighteen	 horses	 were	 identified.	 In	 addition,	 at	 Lingehoeve	
Diergeneeskunde,	The	Netherlands,	all	horses	that	underwent	radiography	and	CT	of	







Medical	 Imaging	 and	 Small	 Animal	 Orthopaedics	 of	 the	 Faculty	 of	 Veterinary	
Medicine	of	Ghent	University,	Belgium	conventional	radiography	was	used	between	
1998	and	March	2007,	these	radiographic	films	were	digitised	for	the	purpose	of	this	
study.	 Since	 March	 2007	 a	 computed	 radiography	 system	 (Konica	 Minolta1)	 was	
used.	 At	 Lingehoeve	 Diergeneeskunde,	 The	 Netherlands	 all	 radiographs	 were	
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for	 the	 purpose	 of	 this	 study,	 these	 analogue	 images	 were	 digitised;	 multiplanar	
reformatting	 options	 for	 these	 image	 records	were	 restricted.	 For	 the	 subsequent	
cases,	a	single	slice,	helical	CT	scanner	 (GE	Medical	Systems	Prospeed	single	slice3)	
was	 used.	 At	 Lingehoeve	 Diergeneeskunde,	 The	 Netherlands,	 a	 4-slice,	 helical	 CT	
scanner	(Philips	Mx8000	Quad	multislice	CT-scanner4)	was	used.	
Data	evaluation	





Osirix5	 or	 Efilm6	 software	 according	 to	 their	 preference,	 and	 used	 multiplanar	
reconstruction	 if	 judged	necessary.	Observers	used	a	 standardised	 scoring	 form	 to	
evaluate	 ten	 radiological	 criteria,	 the	possible	outcomes	of	which	were	predefined	
and	precoded:	detectable	injury,	definition	of	involved	bone(s),	localisation	of	injury	
on	the	bone,	articular	involvement,	comminution,	number	of	fragments,	orientation	
of	 the	 fracture	 line(s),	 fracture	 opening,	 displacement	 and	 presence	 of	 small	 or	





































































































Cohen’s	 kappa	 (κ)	 and	 weighted	 kappa	 (wκ)	 was	 used	 to	 quantify	 intra-
modality	agreement	for	the	different	responses	(separately	for	CT	and	radiography).	
Furthermore,	Cohen’s	 kappa	and	weighted	kappa	was	used	 to	quantify	agreement	
between	 radiography	 and	 CT	 (comparing	 within	 the	 different	 observer-case	
combinations).	 Cohen’s	 kappa	 and	 weighted	 kappa	 is	 a	 measurement	 of	 the	
difference	between	the	observers,	with	a	κ	value	ranging	from	-1	to	1.	Zero	is	exactly	




Additionally,	 for	 response	 variables	 which	 could	 be	 considered	 to	 be	 continuous	
(number	 of	 fragments	 and	 fracture	 opening),	 the	 average	 difference	 (+/-	 s.d.)	
between	observers	was	calculated	for	CT	and	radiography	separately,	as	well	as	the	





median	 age	 of	 8	 years	 (range:	 2m–26y).	 There	were	 20	Warmbloods,	 5	 ponies,	 2	
French	Trotter,	2	Arabians	and	1	Thoroughbred.	
Review	 of	 the	 medical	 records	 showed	 that	 for	 eighteen	 horses	 the	
radiographic	 examination	 consisted	 of	 three	 standard	 projections	 (latero-medial,	
dorso-palmar/plantar,	 dorsolateral-palmaro-/plantaromedial	 oblique	 and	
dorsomedial-palmaro-/plantarolateral	oblique	projection),	whereas	in	nine	cases	on	
a	 latero-medial	 and	 dorso-palmar/plantar	 projection	 and	 in	 three	 cases	 only	 a	
dorsolateral-palmaro-/plantaromedial	 oblique	 and	 dorsomedial-palmaro-
/plantarolateral	oblique	projection	were	 taken.	 In	28	out	of	 thirty	cases,	 the	 initial	
evaluation	 was	 followed	 by	 additional	 projections:	 several	 repeat	 projections	 in	










the	 tarsus,	 one	 fracture	 of	 the	 metacarpus,	 one	 fracture	 of	 a	 proximal	 sesamoid	
bone,	 eleven	 fractures	 of	 P1,	 three	 fractures	 of	 P2,	 one	 fracture	 of	 the	 navicular	
bone	and	six	fractures	of	P3.	




of	bone	 injury,	 the	 results	 showed	a	very	good	 (radiography:	κ=	0.98;	CT:	κ=	1.00)	
intra-modality	agreement	for	each	imaging	modality.	For	radiography,	the	observers	
failed	 to	 agree	 in	 one	 single	 case.	 The	 observers	 agreed	 for	 radiography	 and	 CT	
about	the	absence	of	bony	injuries	in	the	three	negative	controls.	The	inter-modality	
agreement	 between	 CT	 and	 radiography	 was	 reflecting	 moderate	 (κ=	 0.56)	
agreement	only.	In	five	cases,	the	observers	detected	injury	on	CT	images	but	failed	




Diagnosing	 the	 anatomic	 localisation	 of	 the	 fracture	 showed	 a	 very	 good	
intra-modality	 agreement	 for	 radiography	 (κ=	 0.82)	 and	 CT	 (κ=	 0.83).	 In	 addition,	
very	 good	 (κ=	 0.91)	 inter-modality	 agreement	 was	 documented	 between	






















Documenting	 whether	 or	 not	 the	 fracture	 involved	 the	 joint	 showed	 good	
levels	of	intra-modality	agreement	(radiography:	κ=	0.62;	CT:	κ=	0.58).	A	good	level	
of	 inter-modality	 agreement	 (κ=	 0.66)	 was	 also	 documented	 between	 CT	 and	
radiography	for	this	parameter.	







the	 sagittal	 groove.	 Dorsoplantar	 projection	 (a)	 of	 the	 fetlock	 (medial	 is	 to	 the	 left),	
showing	no	significant	bony	abnormalities,	according	 to	 the	observers.	 Retrospectively,	 a	




The	 level	 of	 intra-modality	 agreement	 for	 diagnosing	 a	 fracture	 as	
comminuted	was	good	for	radiography	(κ=	0.61)	and	CT	(κ=	0.65);	similarly,	a	good	
level	of	inter-modality	agreement	(κ=	0.67)	between	CT	and	radiography.	




third	 phalanx.	 Lateromedial	 projection	 (A)	 and	 dorso65proximal-palmarodistal	 oblique	
projection	 (B)	 of	 the	 foot	 (medial	 is	 to	 the	 left)	 showing	 no	 evidence	 of	 bony	 injury.	
Transverse	CT	(medial	is	to	the	left)	(C)	and	dorsal	reconstructed	CT	image	(medial	is	to	the	




agreement	 for	 radiography	 (κ=	 0.51).	 Along	 this	 line,	 it	 showed	 only	 a	 fair	 inter-
modality	agreement	(κ=	0.37)	between	CT	and	radiography	for	this	parameter.		
When	 scoring	 for	 the	 presence	 of	 coalescing	 cracks,	 observers	 showed	 no	







observers	 between	 CT	 and	 radiography	was	 0.11	 fragments	 (s.d.	 +/-1.43)	 (p=0.38)	
and	had	a	good	inter-modality	agreement	(wκ=	0.63).	The	mean	difference	between	
two	observers	 in	measuring	 the	 fracture	opening	on	 the	 radiographs	was	0.05mm	
(s.d.	+/-1.45)	and	reflecting	a	moderate	intra-modality	agreement	(wκ=	0.45).	For	CT	
the	mean	difference	between	two	observers	in	measuring	the	fracture	opening	was	
0.15mm	 (s.d.	 +/-1.17mm)	 and	 reflecting	 a	 good	 intra-modality	 agreement	 (wκ=	
0.59).	 The	 mean	 difference	 between	 two	 observers	 in	 measuring	 the	 fracture	
opening	 between	 CT	 and	 radiography	 was	 -0.49mm	 (s.d.	 +/-2.30)	 (p=0.06)	 and	
indicating	a	fair	inter-modality	agreement	(wκ=	0.28).	
Discussion	
In	 this	 study	 we	 comparatively	 investigated	 the	 inter-modality	 agreement	
between	radiography	and	CT	in	visualising	equine	distal	limb	fractures,	as	well	as	the	
intra-modality	 agreement	 for	 each	 modality.	 We	 found	 that	 CT	 and	 radiography	
agreed	 only	 to	 a	moderate	 level	 in	 detecting	 the	 presence	 of	 a	 fracture,	 with	 CT	
visualising	 a	 higher	 number	 of	 fractures	 than	 radiography.	 For	 crude	 anatomic	
radiological	parameters	of	these	fractures,	the	two	modalities	showed	good	to	very	







Although	 the	definitive	diagnosis	of	any	 skeletal	 lesion	 is	obtained	by	gross	
inspection	during	surgery,	the	specific	aim	of	this	study	was	to	document	the	inter-
modality	 and	 intra-modality	 agreement	 of	 CT	 and	 radiography	 in	 the	 diagnosis	 of	
distal	limb	fractures	in	horses.	It	was	not	the	aim	to	take	the	definitive	diagnosis	into	
account.	 This	 study	 therefore	 does	 not	 aim	 at	 or	 allow	 judging	 on	 the	 relative	
sensitivity	 of	 either	 modality.	 It	 should	 also	 be	 noted	 that	 the	 positions	 during	
radiography	 and	 CT,	 which	 were	 standing	 and	 recumbent,	 respectively,	 may	
influence	the	eventual	visualisation	of	fractures	and	several	of	their	characteristics.	
In	theory	this	represents	a	confounding	factor	 if	one	were	to	evaluate	the	 intrinsic	
agreement	between	 the	 two	 imaging	modalities.	However,	 for	 the	 comparisons	 in	
this	 study	 to	 yield	 clinically	 relevant	 conclusions,	 it	 is	 felt	 appropriate	 to	 rely	 on	
images	 that	 are	 taken	 in	 the	 standard	 position	 used	 in	 clinical	 practice	 for	 either	
imaging	modality.	
Radiography	 visualised	 fewer	 fractures	 than	 CT.	 Although	 both	 imaging	
modalities	showed	almost	perfect	intra-modality	agreement,	five	out	of	27	fractures	
that	were	visible	on	CT	were	not	reported	based	on	radiographs.	This	is	in	line	with	
previous	 reports	 showing	 that	 fracture	 trauma	became	apparent	during	 surgery	 in	
animal	patients	with	negative	preoperative	 radiographic	evaluations	 [4-6,	 17].	 This	
discrepancy	 may	 be	 attributed	 to	 the	 physical	 principles	 of	 radiography.	 For	
radiography	to	visualise	a	fracture	line,	the	x-ray	beam	should	be	oriented	parallel	to	
the	fracture	 line;	 in	addition,	radiographic	 images	reflect	the	superimposition	of	all	
the	tissues	the	x-rays	have	penetrated,	and	this	may	obscure	discrete	fracture	lines.	
Although	 radiography	 allows	 for	 multiple	 projections	 under	 varying	 angles	 of	
obliquities,	these	factors	may	cause	selected	fracture	lines	to	go	unnoticed	[5,	9].	At	
this	moment	 there	 is	 no	 standard	 radiographic	protocol	 described	 in	 literature	 for	
fracture	diagnosis.	 Including	 all	 radiographic	 images	 in	 this	 study	 and	not	only	 the	
standard	 protocol	 reflects	 the	 reality	 of	 the	 decision	 making	 of	 the	 treating	
veterinarian	for	the	cases	used	in	this	study.		
Radiography	 and	 CT	 appeared	 to	 have	 similar	 ability	 in	 visualising	 the	
anatomic	 localisation	 of	 a	 fracture,	 as	 evident	 from	 a	 high	 level	 of	 inter-modality	
agreement	 and	 similarly	 high	 intra-modality	 agreement	 levels	 for	 each	 method.	
Radiography	 and	 CT	 also	 agreed	 well	 with	 respect	 to	 the	 visualisation	 of	
CH.	3:	RADIOGRAPHY	vs	CT	OF	DISTAL	LIMB	FRACTURES	
	 53	
displacement	 of	 the	 fracture	 fragments.	 Determining	whether	 or	 not	 a	 fracture	 is	
displaced	 is	 important	 to	 direct	 appropriate	 surgical	 treatment	 and	 to	 allow	
appropriate	fracture	reduction	to	prevent	the	development	of	osteoarthritis	[4-6,	17,	
18,	20,	21].	
For	 the	 visualisation	 of	 articular	 involvement,	 comminution	 of	 the	 fracture	
and	the	number	of	fracture	fragments,	all	agreement	 levels	bordered	on	the	 lower	
limit	of	good	agreement.	The	number	of	fracture	fragments	counted	with	CT	was	not	
statistically	different	 from	that	counted	with	 radiography.	These	data	 indicate	 that	






First,	 when	 determining	 the	 orientation	 of	 a	 fracture,	 which	 is	 of	 capital	
relevance	 in	 directing	 surgical	 treatment	 [4-6,	 10,	 11,	 18,	 22],	 inter-modality	
agreement	was	 fair	whereas	 clearly,	CT	produced	 little	 intra-modality	variability	as	
opposed	 to	 radiography.	 In	 this	 study,	we	 investigated	 the	visualisation	of	 fracture	
orientation	making	use	of	 a	 categorical	 classification	of	orientation	 types,	 to	 allow	
statistical	 analysis.	 However,	 good	 clinical	 practice	 requires	 every	 lesion	 to	 be	
evaluated	with	a	detailed	description	of	its	individual	anatomy,	as	subtle	differences	
may	influence	the	treatment	approach	and	prognosis	[6,	22].	One	should,	therefore,	
interpret	 these	 results	 with	 some	 caution.	 It	 can	 be	 anticipated	 that	 if	 CT	 could	
provide	more	accurate	information	on	fracture	configuration,	this	would	result	 in	a	
shorter	surgery	time.		
Second,	 when	 measuring	 the	 width	 of	 a	 fracture	 opening,	 CT	 scored	 a	
borderline	 good	 level,	 and	 radiography	 a	 borderline	 fair	 level	 of	 intra-modality	
agreement.	 Although	 both	 fell	 within	 the	 ‘moderate’	 agreement	 category,	 the	
difference	 does	 seem	 to	 indicate	 that	 CT	 is	 more	 precise	 than	 radiography	 in	
measuring	 the	 fracture	 width.	 We	 found	 that	 the	 average	 fracture	 opening	





width	 between	 radiography	 and	 CT.	 Alternatively,	 overestimation	 of	 the	 fracture	
width	 on	 radiography	 may	 be	 due	 to	 measurement	 error	 and/or	 magnification	
artefact.	Along	this	line,	the	data	do	indicate	that	very	small	fracture	openings	may	





has	 not.	 Although	 the	 intra-modality	 agreement	 for	 CT	 reached	 a	 fair	 level	 only,	
indicating	 that	 strong	 variability	 does	 exist	 between	 observers,	 the	 level	 of	
agreement	 was	 clearly	 higher	 than	 the	 level	 documented	 for	 radiography.	 This	
observation	may	be	relevant	for	the	diagnosis	of	other	types	of	bone	lesions,	such	as	
stress	 fractures	 [3,	 23,	 24].	 Currently,	 scintigraphy	 is	 the	 method	 of	 choice	 to	
diagnose	bone	lesions	at	an	early	stage	[10,	24],	when	changes	have	taken	place	at	





helpful	 in	 diagnosing	 early	 prodromal	 changes,	 not	 radiographically	 visible.	 The	
ability	of	CT	relative	to	radiography	in	visualising	fine	radiological	characteristics	of	a	
fracture	can	be	ascribed	to	the	known	technical	features	of	computed	tomography.	
Firstly,	CT	 inherently	produces	 superior	 contrast	 resolution	 than	 radiography	does,	
and	 is	 very	 sensitive	 in	 visualising	 changes	 in	 tissue	 density	 [9,	 18].	 Secondly,	 CT	
visualises	 the	 anatomical	 structures	 in	 cross-sectional	 slices,	 which	 avoids	
superimposition	of	tissue	images.	These	advantages	may	account	for	the	ability	of	CT	
to	 visualise	 small	 distal	 limb	 fractures	 and	 the	 fine	 radiological	 features	 of	 such	
lesions.	 In	contrast,	as	has	been	reported,	CT	holds	the	disadvantage	of	potentially	
missing	a	lesion	that	is	too	small	in	comparison	to	the	slice	thickness,	due	to	volume	




Currently,	 both	 CT	 and	 magnetic	 resonance	 imaging	 are	 used	 to	 visualise	
bone	 lesions	 and	 both	 methods	 are	 known	 to	 present	 with	 advantages	 and	
disadvantages.	 Computed	 tomography	 is	 the	 method	 of	 choice	 for	 detecting	 the	
earliest	sign	of	fatigue	damage	of	cortical	bone	[23].	In	contrast,	MRI	has	shown	the	
ability	of	visualising	subtle	bony	lesions	and	the	ability	of	visualising	bony	oedema	in	
human	 [23]	 and	 in	 equine	 medicine	 [25].	 MRI	 also	 has	 the	 advantage	 of	 better	
visualising	the	regional	soft	tissue	[23].	In	a	veterinary	clinic,	however,	the	choice	for	
either	method	will	critically	depend	on	the	availability	of	the	imaging	equipment.	If	
general	 anaesthesia	 is	 needed,	 the	 owners	 should	 be	 advised	 in	 advance	 to	 let	 a	




study	 population	 consisted	 exclusively	 of	 patients	 for	 which	 radiography	 was	 felt	
insufficient	to	investigate	the	clinical	problem.	The	distal	limb	fractures	studied	here	
may	 therefore	 represent	 a	 subgroup	 of	 lesions,	 in	 particular,	 the	 subtler	 and	
complex	ones.	In	the	absence	of	a	gold	standard	as	intra-operative	or	post	mortem	
findings	 and	 the	 exclusion	 of	 fracture	 cases	 not	 fulfilling	 the	 inclusion	 criteria,	
sensitivity,	 specificity,	 positive	 predictive	 value	 and	negative	 predictive	 value	were	
not	 calculated.	 Second,	 we	 considered	 both	 digitised	 conventional	 and	 primary	
digital	radiographs	together	and	the	variable	level	of	detail	provided	by	these	images	
was	 not	 taken	 into	 account.	 This	 is	 a	 consequence	 of	 the	 continuous	 advance	 in	
radiological	 techniques	 used	 in	 routine	 clinical	 practice.	 Limiting	 the	 comparative	
analysis	 in	 this	 retrospective	 study	 to	 one	of	 either	method	would	 have	 adversely	
affected	the	sample	size	of	the	study.		
While	 taking	 these	 limitations	 into	 account,	 we	 would	 like	 to	 draw	 the	
following	careful	conclusions.	 In	agreement	with	what	 is	suggested	by	a	number	of	
case	 reports	 and	 small	 case	 series	 [4,	 5,	 7-11,	 17,	 18],	 this	 first	 comparative	 study	
seems	 to	 provide	 support	 for	 the	 hypothesis	 that	 CT	 may	 offer	 added	 value	 in	
diagnosing	equine	distal	limb	fractures.	However,	the	profile	of	agreement	levels	for	
various	 aspects	 was	 strikingly	 similar.	 The	 value	 of	 this	 study	 therefore	 lies	 in	
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The	 equine	 head	 is	 a	 complex	 structure	 prone	 to	 traumatic	 injuries.	 To	
determine	 the	 value	 and	 limitations	 of	 radiography	 for	 the	 diagnosis	 of	 head	
fracture,	the	differences	with	CT	images	were	described	in	18	horses.	Two	observers	
retrospectively	 reviewed	the	 radiographic	and	CT	 images	of	 these	horses.	To	allow	
direct	 comparison	 between	 the	 two	modalities,	 a	 simplified	 fracture	 classification	
system	 was	 used.	 In	 3/18	 cases	 the	 evaluations	 of	 the	 radiographic	 examination	
concluded	no	injuries	visible.	In	2/15	cases	soft	tissue	involvement	was	not	detected	
and	 in	 7/15	 cases	 the	 extent	 of	 the	 fracture	 was	 underestimated.	 Radiography	




Head	 fractures	 however	 are	 not	 similarly	 classified	 after	 radiographic	 and	 CT	










mandible,	 and	 falling	 over	 backwards	 [1,	 6,	 8,	 10,	 11].	 Injured	 horses	 are	 often	
unwilling	to	cooperate;	rendering	a	thorough	physical	examination	of	an	area	that	is	
already	 hard	 to	 access	 even	 more	 difficult	 [1,	 4,	 8,	 12].	 Diagnosis	 and	 treatment	
planning	 is	 therefore	 typically	 based	 on	 diagnostic	 imaging	 findings	 [4,	 8,	 9].	
Radiographic	 examination	 is	 most	 often	 used	 as	 a	 first	 investigation	 modality	 to	
visualise	bony	trauma.	However,	superimposition	of	the	complex	bony	structures	is	a	
major	 disadvantage	 and	 limits	 a	 complete	 evaluation	 of	 the	 potentially	 affected	
areas	[1,	4,	8,	12].	With	complex,	unstable	and/or	displaced	skull	fractures	[1],	more	
sophisticated	 cross-sectional	 imaging	 modalities,	 such	 as	 computed	 tomography	
(CT),	 have	been	 suggested	 for	 diagnostic	 purposes,	 as	 in	 human	medicine	 [13-15],	
allowing	greater	recognition	of	normal	anatomy	and	pathology.	
To	 our	 knowledge,	 no	 studies	 have	 compared	 the	 diagnostic	 value	 of	
different	imaging	modalities	for	the	evaluation	of	head	fractures	in	horses,	although	
information	is	available	in	small	animal	and	human	literature	[15-17].		








All	 horses	 that	 underwent	 a	 radiographic	 and	 computed	 tomographic	
evaluation	resulting	in	a	diagnosis	of	a	head	fracture	at	the	Department	of	Medical	
Imaging	 and	 Small	 Animal	 Orthopaedics	 of	 the	 Faculty	 of	 Veterinary	 Medicine	 of	
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Ghent	 University,	 Belgium	 and	 the	 private	 clinic,	 Rossdales	 Equine	 Hospital	 &	









Two	 four-slice,	 helical	 CT	 scanners	 were	 used	 for	 this	 study.	 At	 Ghent	
University	 the	horses	were	 scanned	under	general	anaesthesia	using	a	GE	Medical	
Systems	Lightspeed	QX/I3	and	at	Rossdale	&	Partners	sedated,	standing	horses	were	
scanned	 using	 a	 Siemens	 Somatom	 Volume	 Zoom	 44.	 The	 in-house	 protocols	 for	
equine	 head	 imaging	 were	 used	 (120kV,	 160mAs,	 pitch	 1,	 1,25-2,5mm	 slices,	




The	 radiographic	 and	 computed	 tomographic	 examinations	were	 retrieved,	
reviewed,	the	patient	details	removed	and	collated	in	a	randomised	order	by	one	of	




would	 not	 influence	 each	 other’s	 diagnosis.	 A	 standardised	 evaluation	 form	 was	
used	 to	describe	 the	different	 fractures:	 the	 visibility	of	 an	 injury	 (Yes	or	No),	 soft	
tissue	 involvement	 (Yes	or	No),	 the	 location	of	 the	 injury	 (the	 involved	bones),	 the	
fracture	 type	 (single	 or	 multiple;	 simple	 or	 comminuted;	 open	 or	 closed),	 the	




the	 fracture	 present).	 To	 be	 able	 to	 reach	 a	 consensus	 in	 classification	 of	 the	
fractures	between	the	observers,	they	were	asked	to	describe	the	fractures	and	the	
size,	shape	and	displacement	of	the	fragments.	The	observers	had	no	knowledge	of	
the	 horse’s	 identity,	 clinical	 history,	 clinical	 presentation,	 surgical	 or	 pathologic	
findings	and	final	diagnosis.	
The	 radiographic	 and	 CT	 evaluations	 of	 the	 observers	 were	 recorded	 and	
compared	 by	 one	 of	 the	 authors	 (C.P.C.).	 In	 case	 of	 disagreement	 on	 the	




stallions,	 3	 geldings	 and	 5	mares,	 with	 a	median	 age	 of	 6	 years	 (range:	 2m–16y).	
There	 were	 11	Warmbloods,	 3	 Thoroughbreds,	 2	 ponies,	 1	 Arabian	 and	 1	 French	
Trotter.		
The	number	of	radiographs	per	case	ranged	from	1-8	views	with	a	median	of	
5.	 From	 the	 standard	 projections	 (latero-lateral,	 ventro-dorsal,	 leftventral-
rightdorsal-oblique	and	 rightventral-leftdorsal-oblique),	 in	7	 cases	all	4	projections,	
in	6	cases	3	projections,	 in	3	cases	2	projections	and	 in	2	cases	1	projection,	were	
available.	 In	15	cases	additional	radiographs	were	 included:	 in	12	cases	these	were	






Fourteen	 CT	 studies	were	 performed	 as	 part	 of	 the	 clinical	work	 up	 and	 4	
studies	were	 performed	 as	 part	 of	 the	 research	 protocol	 after	 euthanasia.	 The	 CT	
studies	 all	 included	 a	 series	 in	 bone	 algorithm	and	 in	 14	 cases	 an	 additional	 post-
processing	standard/soft-tissue	algorithm	was	available.	In	one	case	performed	on	a	
standing	 horse	 a	 motion	 artefact	 was	 present;	 the	 artefact	 however	 did	 not	
obliterate	the	region	of	interest.		
The	 radiographic	 and	 CT	 localisation	 and	 classification	 of	 the	 fractures	 is	
represented	in	Figure	1	and	Table	1.		
In	3/18	cases	the	evaluations	of	the	radiographic	examination	concluded	that	
no	 injuries	 were	 visible.	 In	 contrast,	 the	 CT	 evaluation	 of	 these	 cases	 showed:	 a	
depressed	 fracture	 in	 the	 temporal	 and	 parietal	 bone	 with	 multiple	 displaced	
fragments	in	a	2-month-old	colt	(case	4),	a	comminuted	fracture	of	the	floor,	septum	








In	 the	 remaining	15/18	 cases	 a	 fracture	was	observed	 radiographically,	 but	



























basioccipital	 bones	 is	 detected	 (A:	 arrow)	 and	 a	 curved	 radiolucent	 line	 runs	 in	 a	
longitudinally	 trough	 the	 basisphenoid	 and	 basioccipital	 bones	 (B:	 arrows).	 On	 the	 CT	
images,	at	the	level	of	the	TMJ	(C)	a	heavily	comminuted	fracture	of	the	basisphenoid	bone	
is	detected	and	just	cranial	to	the	inner	ears	(D)	only	a	single	fracture	line	is	detected	in	the	








not	 included	 in	 the	 radiographic	 exam	 was	 missed.	 In	 6	 other	 cases	 the	 fracture	
extension	was	hidden	due	to	superimpositions	on	the	radiographs	(Figure	3	and	4).	
In	 case	 8,	 the	 fracture	 extended	 further	 caudally	 to	 include	 the	 frontal	 bone,	 in	
addition	 to	 the	 involvement	of	 the	nasal	 and	maxillary	bone,	which	was	 identified	
radiographically.	 In	5	cases	(cases	5,	6,	7,	17	and	18),	fractures	were	located	in	the	
caudodorsal	part	of	the	skull	involving	the	temporal	bone	(cases	5,	6	and	7)	(Figure	
3)	 or	 the	 condylar	 process	 (cases	 17	 and	 18)	 (Figure	 4).	 In	 addition	 to	
underestimating	 the	 number	 of	 bones	 involved,	 the	 involvement	 of	 the	
temporomandibular	 joint	 (TMJ)	 was	 not	 detected	 on	 radiography	 in	 these	 cases	





(case	 18)	 the	 fractures	 was	 scored	 open	 with	 radiography	 and	 closed	 with	 CT.	 In	
14/15	cases	the	number	of	fragments	was	underestimated	with	radiography.	Only	in	
one	 case	 (case	 11)	 involving	 only	 large	 fragments	 without	 smaller	 fragments,	 the	

















radiolucent	 lines	 (arrows)	 are	 superimposed	 over	 the	 region	 of	 the	 right	 orbita.	 The	
transverse	CT	images	at	the	level	and	just	caudal	of	the	right	showing,	multiple	and	several	












In	 this	 study	we	 compared	 the	 differences	 between	 radiography	 and	 CT	 in	
visualising	and	diagnosing	equine	skull	fractures.	Our	purpose	was	to	determine	the	
contribution	of	both	imaging	modalities	in	the	final	fracture	diagnosis.	Ideally	every	
fracture	 should	 be	 described	 individually	 in	 detail,	 as	 every	 detail	 is	 potentially	
diagnostically	 relevant.	 To	 allow	direct	 comparison	 between	 the	 two	modalities,	 a	
simplified	 classification	 system	 was	 used	 in	 line	 with	 previous	 studies	 in	 small	
animals	and	human	medicine	[13,	16,	17].	
The	 fractures	 in	 the	 cases	 considered	 radiographically	 normal	 were	 subtle	
and	 located	 in	 anatomically	 complex	 areas.	 As	 previously	 described	 for	 distal	 limb	
fractures,	the	combination	of	lesion	severity	and	the	degree	of	superimposition	can	
cause	fractures	to	go	unnoticed	[18].	However,	subtle,	previously	unnoticed	lesions	
on	 radiography	 can	 retrospectively	 be	 suspected	 if	 their	 presence	 has	 been	
demonstrated	 using	 CT	 [18,	 19].	Moreover,	 the	 general	 limitations	 of	 radiography	
need	 to	be	considered.	Firstly,	 the	x-ray	beam	should	be	parallel	 to	a	 fracture	 line	
and,	 secondly,	 superimposition	 should	 not	 interfere	with	 the	 interpretation	 of	 the	
radiographs	 [13,	17,	20].	An	additional	 limitation	 related	 to	equine	patients,	 is	 the	
inability	 of	 recording	 the	 entire	 head	 on	 a	 single	 image	 as	 in	 small	 animals	 [17].	
Indications	of	trauma	such	as	malocclusion	of	the	teeth	or	misalignment	of	the	bone	
are	therefore	possibly	missed.	
In	 the	case	of	 the	2-months-old	 foal	with	a	 single,	depressed,	comminuted,	




to	the	 left)	and	sagittal	 (F,	 rostral	 is	 to	the	 left)	CT	 images.	On	the	radiographic	 images,	several	
sharp	delineated	fracture	lines	are	present	 in	the	 left	body	of	the	mandible	(A:	arrows)	and	one	
sharp	delineated	fracture	 line	is	detected	in	the	vertical	ramus	of	the	 left	mandible	running	in	a	
ventrodorsal	direction	 (B:	 arrow).	On	 the	CT	 images,	 several	 sharp	delineated	 fracture	 lines	are	
present	in	both	the	left	and	right	mandibular	body	in	the	caudal	part	of	the	mandibular	symphysis	














listing	 the	 bones	 involved.	 An	 underestimation	 of	 the	 fracture	 extension	 by	
incompletely	 listing	 the	 involved	 bones	 using	 radiography	was	 seen	 in	 40%	 of	 the	
cases.	 In	most	of	these	cases	the	fractures	were	located	in	the	caudodorsal	part	of	
the	skull,	including	the	complex	regions	of	the	TMJ,	the	orbita	and	the	skull	base.	The	




or	 the	mandible	 [22],	 the	 limited	 reduction	 in	 superimposition	 by	 complementary	




In	 line	with	 the	 inability	 to	 correctly	determine	 fracture	extent,	 44%	of	 the	
fractures	 radiographically	 diagnosed	 as	 single	with	 radiography	were	 diagnosed	 as	
multiple	 on	 CT.	 In	 the	 caudodorsal	 part	 of	 the	 skull,	 involvement	 of	 the	 temporal	
bone	 forming	 the	 TMJ	 was	 underestimated	 in	 all	 these	 cases.	 In	 line	 with	 the	
previous	statement	on	the	radiographic	visibility	of	the	TMJ,	fractures	of	the	articular	
tuberculum	 of	 the	 temporal	 bone	 or	 the	 condylar	 process	 of	 the	 mandible	 were	
located	 in	 the	most	 axial	 portion	 of	 the	 joint	 in	 80%	 of	 the	 cases	 included	 in	 this	
study.	Only	in	one	case	(5)	the	complete	width	of	the	TMJ	was	involved	in	the	lesion.	
Although	 specific	 projections	 of	 the	 TMJ	 were	 included	 for	 this	 case,	 the	
radiographic	study	underestimated	this	lesion.	Trauma	is	one	of	the	reasons	for	the	




Misclassifying	 the	 individually	 detected	 fractures	 further	 by	 type	 (simple	or	
comminuted)	 not	 only	 included	 the	 caudodorsal	 part	 of	 the	 skull	 as	 seen	 for	 the	
fracture	 extent	 but	 also	 included	 the	 rostral	 part	 of	 the	 skull.	 In	 line	 with	 these	
results,	the	number	of	fragments	was	underestimated	on	radiography	in	all	but	one	
case.	Fragments	were	missed	with	radiography	in	cases	classified	as	simple	but	also	
when	 classified	 as	 comminuted.	 Reviewing	 specific	 fragments,	 two	 factors	 led	 to	
diagnostic	 differences	between	 radiography	and	CT	 in	detecting	 fragments.	 Firstly,	
some	 fragments	 (small	 and	 large)	 were	 not	 recognised	 on	 radiography,	 and	
secondly,	in	the	absence	of	displacement,	several	smaller	fragments	identified	on	CT	
could	appear	as	one	larger	fragment	on	radiography.		
Although	 the	 final	outcome	of	 the	 individual	 cases	was	not	 included	 in	 this	




localisation,	 configuration,	 degree	 of	 comminution,	 and	 the	 involvement	 of	
additional	 structures	 in	 a	 fracture	 [8,	 12].	 In	 line	 with	 these	 guidelines,	 the	
differences	between	the	radiographic	and	CT	findings	described	in	this	study	would	
influence	 the	 preoperative	 considerations	 and	 the	 estimated	 prognosis	 for	 each	
fracture.		




Only	 cases	 that	 underwent	 both	 a	 radiographic	 and	 a	 CT	 examination	 met	 the	
inclusion	criteria	of	the	study.	This	inadvertently	led	to	an	inclusion	bias	of	cases	in	
which	radiographic	findings	insufficiently	explained	clinical	problems.	Thus	the	head	
fractures	 included	 in	 the	 study	 are	 partially	 biased	 towards	 subtle	 or	 complex	
lesions.	 In	 addition,	 based	 on	 the	 definitive	 (CT)	 diagnosis	 these	 patients	 were	
treated	 conservatively,	 underwent	 (partial)	 surgical	 stabilisation	 or	 underwent	
pathologic	 examination.	 Therefore,	 CT	 functioned	 as	 the	 reference	 modality	 for	
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ability	 to	 visualise	 specific	 structures	 [17].	 In	 the	 study	 of	 Bar-Am	 et	 al.	 (2008),	
inclusion	 of	 specific	 projections	 is	 suggested	 to	 increase	 the	 ability	 to	 visualise	
specific	 structures.	 Variation	 of	 the	 fracture	 types	 included	 and	 specific	 (e.g.	
unilateral)	lesion	presentation	can	therefore	justify	the	lack	of	standardisation	in	the	
radiographic	protocol	in	this	study.	Furthermore,	the	observers	suggested	in	4	cases	
additional	 ventrodorsal	 (2	 cases)	or	 intra-oral	 (2	 cases)	projections	 to	 complement	
the	 radiographic	 examinations.	 The	 radiographic	 examinations	 however	 were	
performed	 under	 clinical	 conditions	 on	 standing	 horses.	 The	 inability	 of	 producing	
additional	 projections	 is	 due	 to	 uncooperativity	 or	 discomfort	 of	 the	 patients.	
Reviewing	 the	 CT	 examinations	 for	 which	 additional	 intra-oral	 radiographic	
projections	 were	 suggested	 (14	 and	 17),	 both	 cases	 involved	 bilateral	 multiple	
comminuted	 (one	 severely	 displaced)	 fractures	 of	 the	mandibular	 body.	 In	 one	 of	
these	 cases	 an	 intra-oral	 projection	 of	 the	most	 rostral	 part	 of	 the	mandible,	was	
included	in	the	radiographic	study.	Although	an	intra-oral	projection	would	diminish	
the	 superimposition	 of	 the	 maxilla	 over	 the	 fractured	 mandibula,	 the	 patient’s	
discomfort	 most	 likely	 prevented	 these	 projections	 to	 be	 taken	 of	 more	 caudal	
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A	 5-year-old	 Rheinlander	 gelding	 was	 evaluated	 for	 left	 hind	 limb	 stifle	
lameness.	The	 lameness	was	 localised	to	the	stifle,	but	the	source	of	the	 lameness	
was	not	specifically	diagnosed	from	the	physical,	radiographic	and	ultrasonographic	
examinations.	Computed	tomography	(CT)	and	CT	arthrography	were	therefore	used	
for	 further	 investigation	 since	 this	 imaging	 technique	 images	 bony	 structures,	
cartilage	and	 soft	 tissues.	 This	examination	 showed	multiple	 lesions	 in	 the	 stifle:	 a	
traumatic	 osteochondrosis	 (OC)-like	 lesion	 of	 the	 medial	 femoral	 condyle,	 bony	








The	 stifle	 joint	 is	 the	 largest	 and	most	 complex	 joint	 in	 horses.	 The	 joints	
consist	of	two	articulations	with	 in	total	three	 joint	compartments	and	 is	stabilised	
by	two	menisci	and	14	ligaments	(Figure	1).		
Radiography	 [1-6]	 and	 ultrasonography	 [3,	 5-9]	 are	 the	 most	 often	 used	
diagnostic	 imaging	modalities	 for	 visualising	 stifle	 joint	 pathology.	 However,	 these	
techniques	 have	 their	 limitations,	 because	 superimposition	 of	 the	 bony	 structures	
and	 surrounding	 structures	 restricts	 visualisation	 of	 the	 ligaments	 of	 the	 stifle.	
Radiography	 visualises	 bony	 structures	 only,	 and	 ultrasonography	 visualises	 bone	
surfaces	 and	 soft	 tissues	 only	 [1,	 3,	 5].	 Because	 these	 techniques	 usually	
underestimate	 the	 pathology,	 it	 is	 difficult	 to	 diagnose	 specific	 tissue	 injury	 and	
make	a	proper	prognosis	[3,	9].	Arthroscopic	examination	of	the	joint	under	general	







1	groove	for	the	middle	patellar	 ligament;	2	extensor	sulcus;	3	cranial	 tibial	 ligament	of	the	 lateral	
meniscus;	4	lateral	meniscus;	5	eminence	of	the	tibia;	6	lateral	collateral	ligament;	7	meniscofemoral	
ligament	of	 the	 lateral	meniscus;	8	 caudal	 cruciate	 ligament;	9	 caudal	 tibia	 ligament	of	 the	 lateral	
meniscus;	10	 caudal	tibia	 ligament	of	the	medial	meniscus;	11	cranial	 cruciate	 ligament;	12	medial	
collateral	ligament;	13	medial	meniscus;	14	cranial	tibial	ligament	of	the	medial	meniscus;	15	lateral	







A	 5-year-old	 Rheinlander	 gelding	 used	 for	 dressage	 was	 presented	 to	
Lingehoeve	 Diergeneeskunde	 Equine	 Hospital	 for	 evaluation	 of	 left	 hind	 limb	
lameness.	The	horse	had	become	severely	lame	2	weeks	previously,	after	it	fell	and	
hit	 a	 pole	 with	 the	 dorsal	 surface	 of	 the	 left	metatarsus.	 The	 lameness	 improved	









to	 the	American	Association	of	Equine	Practitioners	 (AAEP)	 lameness	grading	 scale	
[10].	The	flexion	test	of	the	left	stifle	was	positive.	
Radiography		
Caudocranial,	 lateromedial	and	 lateromedial	 flexed	radiographic	projections	
of	 the	 left	 stifle	 were	 obtained.	 The	 caudocranial	 radiograph	 showed	 a	
mineralisation	in	the	MFTJ	centrally	between	the	femoral	condyle	and	tibia	condyle.	










The	 lameness	 was	 isolated	 to	 the	 left	 stifle	 joint	 based	 on	 the	 clinical,	
radiographic	and	ultrasonographic	examinations.	Due	to	the	complexity	of	the	stifle	
joint,	 it	was	 impossible	 to	 complete	 the	diagnosis	and	provide	a	 reliable	prognosis	
for	 the	 future	with	 these	 imaging	modalities.	 Therefore,	 further	 investigation	was	
performed	using	CT	and	CT	arthrography.	
Computed	tomographic	examination	





pulled	 fully	 extended	 in	 the	 gantry,	 so	 that	 the	 longitudinal	 axis	 of	 the	 limb	 was	




and	 secondly	 of	 3	 contrast	 series	 following	 intra-articular,	 ultrasound-guidedb	
contrast	 administration	 in	 each	 compartment	 with	 ~60	 ml	 iodinated	 contrast	
	
Figure	 2:	 Radiographic	and	ultrasonographic	 images.	A)	This	 latero-medial	 radiographic	
projection,	 cranial	 is	 to	 the	 left,	 shows	 mineralisation	 cranial	 to	 the	 intercondylar	
eminences	 of	 the	 tibia	 and	 a	 fragment	 present	 in	 the	 femorotibial	 joint	 (arrows).	 B)	








and	 266	mAs,	 with	 0.625	 pitch,	 with	 a	 rotation	 time	 of	 1.5s,	 4	 overlapping	 slices	
~1.3mm.	 The	 display	 field	 of	 view	 was	 20x20	 cm,	 pixel	 matrix	 512x512	 and	 ~90s	
acquisition	 time	 per	 series.	 Images	 were	 evaluated	 using	 Osirix	 v3.5.1g	 DICOM	
viewing	software.	
The	 native	 CT	 series	 showed	 the	 presence	 of	 an	 osseous	 fragment	 in	 the	






the	caudal	horn	of	 the	medial	meniscus.	There	was	a	 linear	cartilage	 lesion	on	 the	
medial	femoral	condyle	(Figure	4b+d).	After	injection	of	the	lateral	femorotibial	joint	











During	 the	 initial	 trauma	2	weeks	 earlier,	 the	 caudal	 cruciate	 ligament	was	
probably	damaged,	and	a	few	fragments	of	the	traumatic	osteochondrosis	(OC)-like	











arthrographic	 image	 of	 the	 medial	 femoral	 condyle,	 the	 cartilage	 defect	 shown	 in	 Fig	 3B	







led	 directly	 to	 the	 horse’s	 lameness.	 The	 large	 fragment	 in	 the	 MFTJ	 probably	




femoral	 condyle.	When	 the	 innervated	 subchondral	 bone	was	 reached,	 the	 horse	
probably	became	painfully	lame	again.	The	damage	in	this	stifle	was	untreatable.	To	
our	 knowledge,	 there	 is	 no	 procedure	 for	 removing	 a	 fragment	 at	 this	 site	 in	 the	
medial	meniscus	 and	 it	was	 considered	 that	 the	 horse	would	 remain	 permanently	
lame.	 The	 owner	 was	 advised	 of	 the	 poor	 prognosis	 and	 euthanasia	 was	
recommended	and	carried	out.	
Gross	pathology	
Gross	 pathology	 revealed	 a	 linear	 defect	 in	 the	 cartilage	 of	 the	 medial	
femoral	 condyle	 associated	with	 a	 fragment	 (0.375	 x	 0.775	 cm)	 that	was	 partially	
pressed	into	the	medial	meniscus.	This	fragment	appeared	to	have	originated	from	
the	 severe	 TRAUMATIC	 OC-like	 injury	 on	 the	 caudo-axial	 margin	 of	 the	 medial	
femoral	 condyle.	 A	 haemorrhagic	 tear	 was	 visible	 axially	 in	 the	 distal	 half	 of	 the	
Figure	5:	Gross	pathology	image.	On	these	images,	 lateral	 is	to	the	left	and	proximal	or	
cranial	 to	 the	 top.	 A)	 The	 traumatic	 OC-like	 lesion	 (black	 arrow),	 the	 linear	 cartilage	
defect	 (horizontal	arrow),	 the	 linear	haemorrhagic	 tear	 in	 the	caudal	 cruciate	 ligament	
(vertical	 arrow)	 and	 a	 superficial	 tear	 in	 the	 caudal	 tibial	 ligament	 of	 the	 medial	
meniscus 	(arrow	point)	are	visible.	B)	A	 large	fragment	(arrow)	is	pressed	in	the	caudal	
horn	 of	 the	 MM,	 this	 fragment	 caused	 the	 linear	 cartilage	 defect	 in	 the	 MF	 seen	 on	
















arthrography.	 Most	 important	 were	 the	 caudal	 cruciate	 ligament	 injury,	 the	
traumatic	OC-like	 lesion	on	 the	 caudo-axial	margin	of	 the	medial	 femoral	 condyle,	
the	 osseous	 fragment	 in	 the	MFTJ	 between	 the	 medial	 meniscus	 and	 the	 medial	
femoral	 condyle,	 and	 the	 injuries	 this	 fragment	 caused	 to	 the	 cartilage	 of	 the	
femoral	condyle.	
The	 gross	 pathology	 examination	 allowed	 the	 results	 of	 the	 different	
diagnostic	 imaging	 techniques	 to	 be	 compared.	 There	 were	 no	 indications	 of	 a	
chronic	injury	known,	therefore	the	mineralisation’s	in	the	surrounding	tissue	cranial	
to	 the	 intercondylar	 eminences	 of	 the	 tibia	 probably	 also	 originated	 from	 the	
TRAUMATIC	 OC-like	 injury.	 During	 the	 gross	 pathology	 examination	 an	 extra	
osteochondrosis	(OC)	lesion	was	presented	on	the	proximal	medial	femoral	trochlea.	







to	 take	 2	 extra	 radiographs:	 the	 craniomedial-caudolateral-oblique	 and	 the	




Although	 arthroscopic	 surgery	 is	 used	 both	 to	 diagnose	 and	 treat	 stifle	
pathology,	 the	 limitations	of	 this	 technique	are	that	some	 intra-articular	structures	
cannot	be	visualised	and	that	only	injuries	starting	at	the	surfaces	of	structures	can	
be	evaluated	[6,	11,	12].	Performing	a	complete	stifle	arthroscopy	is	technically	quite	
difficult	 because	 of	 the	 anatomy	 of	 the	 three	 compartments.	 Even	 with	 the	 new	
techniques	 only	 the	 cranial	 and	 caudal	 parts	 of	 the	 femorotibial	 joints	 can	 be	
examined,	so	a	complete	evaluation	of	the	femorotibial	joint	is	not	possible.	[11,	12].	
Computed	 tomography	and	CT	arthrography	offer	a	 complete	view	of	 subchondral	
and	intra-articular	pathologies	[1,	5]	and	is	less	traumatic	and	risky	than	arthroscopic	
surgery	 on	 the	 stifle	 [11,	 12].	 Additional	 merits	 in	 comparison	 with	 arthroscopic	
surgery	are	the	shorter	examination	and	general	anaesthesia	time.	The	costs	for	an	
arthroscopic	 surgery	 of	 the	 three	 compartments,	 is	 also	 much	 higher	 than	 a	 CT	
examination.	
	










size	 of	 the	 gantry.	 However,	 this	 area	 can	 be	 well	 visualised	 by	 radiography	 and	
ultrasonography.	The	multi-slice	CT	provides	overlapping	cross-sectional	images	with	
very	thin	slices	(~1.3	mm),	which	improves	the	resolution	and	quality	of	the	images	
produced.	These	hardware	 improvements,	 in	addition	 to	multi-planar	 reformatting	
software	 improvements,	are	essential	 for	a	correct	and	complete	evaluation	of	the	
stifle	[1].		
Magnetic	 Resonance	 Imaging	 (MRI)	 visualises	 soft	 tissue	 and	 cartilage	 [1];	
and,	in	human	medicine,	this	is	the	preferred	technique	for	examination	of	the	knee	
[13].	 However,	 MRI	 is	 only	 experimental	 available	 for	 the	 stifle	 of	 the	 horse	 and	
there	 are	 no	 published	 or	 unpublished	 data	 available	 at	 this	moment	 for	 a	 direct	
comparison.	
Gross	pathology	examination	of	the	stifle	confirmed	the	injuries	diagnosed	by	
CT	examination.	Most	 interesting	 is	 the	 confirmation	 that	only	 the	 caudal	 cruciate	
ligament	was	traumatised.	The	literature	on	cruciate	ligament	injuries	in	the	equine	
stifle	tells	us	that	the	cranial	cruciate	ligament	is	injured	most	often	and	that,	if	the	
caudal	 cruciate	 ligament	 is	 injured,	 this	 is	 usually	 in	 combination	 with	 the	 cranial	
cruciate	ligament	[14-16].	However,	the	AAEP	Proceedings	of	Bergman	et	al.	(2007)	
[1]	describe	 five	out	of	eight	 cases	of	 cruciate	 ligament	 injuries,	examined	with	CT	
and	 CT	 arthrography,	 with	 only	 caudal	 cruciate	 ligament	 injuries	 [1]..	 Not	 yet	
published	 data	 from	 a	 larger	 number	 of	 cases	 support	 this	 50:50	 proportion	 (E.	
Bergman	 personal	 communication:	 www.vetct.nl).	 The	 reason	 for	 these	 different	
results	 is	 not	 yet	 clear	 −	 over-diagnosis	with	CT	or	 under-diagnosis	with	 the	other	
imaging	techniques	are	possible	causes.	Further	research	on	this	subject	is	necessary	
especially	the	validation	of	CT	findings	at	post	mortem.	






examination	 and	 other	 diagnostic	 imaging	 modalities.	 As	 is	 the	 case	 in	 human	
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The	 anatomical	 complexity	 of	 the	 horse’s	 head	 limits	 the	 abilities	 of	
radiography.	Computed	tomography	(CT)	in	combination	with	contrast-enhanced	CT	
is	used	more	often	for	diagnosing	various	head	pathology	in	horses.	The	objective	of	
this	 study	 was	 to	 compare	 intravenous	 (IV)	 and	 intra-arterial	 (IA)	 contrast-
enhancement	techniques	and	describe	normal	and	abnormal	contrast	enhancement	
in	 the	horse’s	 head.	 24	horses	 that	 underwent	 a	 diagnostic	 IV	 (n=12)	 or	 IA	 (n=12)	
contrast-enhanced	CT	of	the	head	were	included	in	the	study.	All	horses	recovered	
without	 complication	 from	 the	 procedures.	 Compared	 to	 the	 pre-contrast	 studies,	
post-contrast	studies	showed	significant	contrast	enhancement	in	the	pituitary	gland	
(IA:	p<0.0001;	IV:	p<0.0001),	nose	septum	(IA:	p=0.002),	nose	mucosa	(IA:	p<0.0001;	
IV:	 p=0.02),	 parotid	 salivary	 gland	 (IA:	 p<0.0001;	 IV	 p<0.0001),	 cerebrum	 (IA:	
p<0.0001;	IV:	p<0.0001),	 longus	capitis	muscle	(IA:	p<0.0001;	IV	p=0.001),	temporal	
muscle	(IA:	p<0.0001),	masseter	muscle	(IA:	p	<0.0001)	and	brainstem	(IV:	p=0.01).	
No	 significant	 contrast	 enhancement	was	 seen	 in	 the	 eye	 (IA:	 p=0.23;	 IV	 p=0.33),	
tongue	 (IA	 p=0.2;	 IV	 p=0.57),	 brainstem	 (IA:	 p=0.88),	 nose	 septum	 (IV:	 p=0.26),	
temporal	 muscle	 (IV:	 p=0.09)	 and	 masseter	 muscle	 (IV:	 p=0.46).	 Three	 different	
categories	of	abnormal	enhancement	were	detected:	a	strong	vascularised	mass,	an	
enhanced	 rim	 surrounding	 an	 unenhanced	 structure	 and	 an	 inflamed	 anatomical	
structure	with	abnormal	contrast	enhancement.	
In	 conclusion,	 using	 the	 intra-arterial	 technique,	 similar	 contrast	
enhancement	 is	achieved	using	 less	contrast	medium	compared	to	the	 intravenous	
technique.	 Using	 the	 intravenous	 technique,	 a	 symmetrical	 and	 homogenous	
enhancement	is	achieved,	however	timing	is	more	crucial	and	the	contrast	dosage	is	
more	 of	 influence	 in	 the	 IV	 protocol.	 Knowing	 the	 different	 normal	 contrast	







of	 the	 head,	 the	 interpretation	 of	 the	 radiographs	 remains	 difficult	 [1].	 The	
tomographic	ability	to	produce	reconstructed	images	allows	computed	tomography	
(CT)	 compared	 to	 radiography	 to	 excel	 in	 depicting	 the	 complex	 anatomical	
structures	of	the	head	[2].		
Normal	CT	anatomy	of	the	horse’s	head	has	been	described	in	foals	[3]	and	in	
adult	 horses	 [4].	 In	 horses,	 CT	 of	 the	 head	 has	 been	 used	 for	 the	 diagnosis	 of	
sinusitis,	 alveolitis	and	apical	 infection	of	 the	cheek	 teeth	 [5,	6],	mandibular,	nasal	
and	 paranasal	 tumours	 and	 cysts	 [7-9],	 ethmoid	 hematoma	 [10],	 parapharyngeal	
aneurysm	[11],	fractures	[12-14],	temporohyoid	osteopathy	[12],	neurologic	[15]	and	




help	 plan	 the	 surgical	 approach	 [7,	 18,	 19].	 Contrast	 enhancement	 CT	 after	
intravascular	 contrast	 medium	 administration	 is	 based	 on	 the	 principle	 of	 an	
increased	 opacity	 in	 (neo-)	 vascularised	 structures	 and	 extra-vascular	 structures	 in	
comparison	to	the	native	CT	study	[20,	21].	 In	small	animals,	contrast-enhanced	CT	
of	 the	 head	 is	 common	 practice	 following	 an	 intravenous	 route	 of	 contrast	
administration	 [22-25].	 Contrast-enhanced	 CT	 helps	 in	 these	 cases	 to	 differentiate	











large	 volume	 that	 needs	 to	 be	 injected.	 In	 the	 equine	 literature	 several	 protocols	
with	a	wide	range	of	volumes	and	dosages	(250-400	mL	of	350-370	mgI/mL	or	about	
160-250	mgI/kg	body	weight)	have	been	described	for	horses	[9,	13,	27].	A	second	
route	 is	 intra-arterial	 (IA)	 contrast-enhanced	 CT,	 which	 has	 been	 described	 to	
characterise	distal	limb	conditions	[20,	21]	and	more	recently	has	been	presented	for	
the	 horse’s	 head	 [28].	 The	 advantage	 of	 the	 direct	 route	 of	 intra-arterially	
administration	 of	 contrast	 medium	 is	 a	 local	 high	 vascular	 concentration	 in	 the	





contrast	 enhancement	 of	 the	 soft	 tissue	 structures	 after	 systemic	 IV	 and	 direct	 IA	
administration	 of	 contrast	 medium.	 The	 second	 purpose	 is	 to	 describe	 the	




similar	 or	 higher	 contrast	 enhancement	will	 be	 obtained	 as	with	 the	 IV	 technique	




Retrospective	 comparative	 clinical	 study,	 ethical	 committee	 oversight	 is	
currently	not	required	for	this	type	of	study.	
Cases	





included.	 A	 selection	 of	 IV	 contrast-enhanced	 cases	 was	 made	 based	 on	 the	
presence	of	a	complete	CT	evaluation	of	the	head.	
Computed	tomographic	examination	
CT	 scans	 of	 the	 head	 were	 acquired	 with	 the	 horses	 under	 general	
anaesthesia.	 Each	 horse	 was	 sedated	 using	 detomidinea	 (0,005	 mg/kg	 IV)	 as	 a	
premedication.	 Anaesthesia	 was	 induced	 with	 a	 combination	 of	 ketamineb	 (2,2	
mg/kg,	 IV)	 and	 midazolamc	 (0,06	 mg/kg,	 IV).	 After	 intubation,	 anaesthesia	 was	
maintained	with	 inhaled	 isofluraned	and	oxygen	 (on	effect,	±1,2%	expiratory).	Vital	




Ghent	 University:	 GE	 Medical	 Systems	 Prospeed	 four	 slicef)	 using	 the	 in-house	
protocols	for	equine	head	imaging	(Lingehoeve	Equine	Clinic:	120	kV,	185	mAs,	pitch	






IA	 contrast-enhanced	 CT	 studies	 were	 performed	 after	 aseptic	 ultrasound	




blood	 vessel.	 The	 catheter	 was	 introduced	 through	 the	 thick	 wall	 of	 the	 carotid	
artery	 in	 one	 fast	 and	 strong	movement.	 The	 catheter	 was	 fixed	 to	 the	 skin	with	
polypropylene	sutures.	A	three-way	stopcock	and	an	extension	set	were	attached	to	
the	 catheter	 to	 facilitate	 injection.	 The	 extension	 set	 was	 prefilled	 with	 contrast	
medium	before	 attaching	 to	 the	 catheter.	 A	 pressure	 injector	 containing	 250ml	 of	
non-ionic	 iodinated	 contrast	 medium	 was	 connected	 to	 the	 extension	 set.	 A	
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continuous	 arterial	 infusion	 protocol	 during	 scanning	 was	 used,	 with	 an	 injection	
rate	of	2	mL/s	(total	volume	injected	<180mL)	of	Ioversol	350	mgI/mL	(Optiray®350g).	
The	post-contrast	 scan	was	 initiated	with	a	3s	delay	 from	the	start	of	 the	contrast	
medium	administration.	The	 intra-arterial	 catheter	was	 removed	at	 the	end	of	 the	
procedure	and	a	5-minute	manual	 compression	was	applied	 to	avoid	bleeding	and	







medium	were	connected	 to	an	extension	 set.	 The	extension	 set	was	prefilled	with	
contrast	medium	before	 attaching	 to	 the	 catheter.	 A	 systemic	 bolus	 of	 400	mL	 of	
Iobitridol	 350	mgI/mL	 (Xenetix®350h)	was	 injected	 at	 a	 rate	 of	 15	mL/s.	 The	 post-




Image	 analysis	 was	 performed	 separately	 by	 two	 of	 the	 authors	 on	 a	
dedicated	 diagnostic	 imaging	 viewing	 station	 with	 a	 2880x1800	 pixel	 flat	 screen	
monitor	 using	 Osirixi	 DICOM	 viewer	 software.	 Images	 were	 reviewed	 using	 a	 soft	





in	 the	 different	 soft	 tissue	 structures:	 none	 (no	 enhancement),	 mild	 (minimal	









lining	 of	 the	 ventral	 nasal	 conchae	 (1),	 the	 nasal	 septum	 (2),	 the	 tongue	 (3)	 and	 the	
masseter	 muscles	 (4).	 Note	 the	 homogeneous	 (star)	 and	 inhomogeneous	 and	 patchy	
(diamond)	enhancement	pattern	in	 the	nasal	septum.	B)	At	 the	 level	of	 the	eyes,	ROI’s	
are	placed	on	 the	corpora	 vitrea	 (5).	 C)	At	 the	 level	 of	 the	 temporo-mandibular	 joints,	
ROI’s	are	placed	on	the	pituitary	gland	(6),	the	cerebral	cortex	(7),	the	maxillary	veins	(8)	
and	the	temporal	muscles	(9).	D)	At	 the	level	of	foramen	magnum,	ROI’s	are	placed	on	
the	parotid	 salivary	 gland	 (10),	 the	 longus	 capitis	muscles	 (11)	and	 the	brainstem	(12).	









lining	 of	 the	 ventral	 nasal	 conchae	 (1),	 the	 nasal	 septum	 (2),	 the	 tongue	 (3)	 and	 the	
masseter	 muscles	 (4).	 Note	 the	 air	 opacities	 (star)	 in	 the	mild	 enhancing	 and	 swollen	
right	masseter	muscles.	B)	At	the	level	of	the	eyes,	ROI’s	are	placed	on	the	corpora	vitrea	









Circular	 semi-automatic	 regions-of-interest	 (ROI’s)	 (size:	 ~0,5	 cm2)	 were	 manually	
placed	 on	 predefined	 normal	 soft	 tissue	 structures	 on	 the	 contrast-enhanced	
images,	 as	 illustrated	 in	 Figure	 1	 and	 Figure	 2	 using	 the	 sharp	 (IA	 studies)	 and	
standard	 (IV	 studies)	 algorithm.	To	 increase	 to	 repeatability	of	 the	ROI	placement,	
only	easily	 identifiable	soft	 tissue	structures	were	reviewed	 in	 this	study,	on	which	
the	ROI’s	 could	be	placed	 completely	 isolated	 from	adjacent	 structures.	 To	ensure	
that	 the	 ROIs	 contained	 mainly	 the	 parenchyma	 of	 the	 soft	 tissue	 structures,	 we	
avoided	 inclusion	 of	 macroscopic	 vessels	 visible	 in	 the	 structures.	 The	 areas	 of	
interest	 in	 the	soft	 tissue	structures	were	selected	on	4	different	 transverse	slides.	
The	most	rostral	selected	slide	at	the	level	of	the	first	molars	(Figure	1a	and	Figure	









To	 assure	 the	 ROI’s	 on	 the	 pre-	 and	 post	 contrast	 images	were	 incorporating	 the	
same	tissue,	the	ROI’s	were	copied	and	pasted	to	the	pre-contrast	images.	The	mean	
value	registered	in	each	ROI	separately	was	recorded	and	used	for	the	quantification	
of	contrast	enhancement	 in	 the	selected	normal	 soft	 structures.	 If	 structures	were	
not	incorporated	in	the	CT	study	due	to	a	partial	study	of	the	head	or	if	a	structure	











A	 mixed	 model	 analysis	 was	 conducted	 for	 each	 separate	 anatomical	
structure	 (dependent	 variable)j.	 Independent	 fixed	 effects	 were	 the	 effect	 of	
observer	 (one	 or	 two),	 contrast	 medium	 (yes	 or	 no),	 route	 of	 contrast	 medium	











contrast-enhanced	 CT	 evaluation	 of	 the	 complete	 head	 at	 the	 Department	 of	
Medical	 Imaging	 of	 the	 Faculty	 of	 Veterinary	 Medicine	 of	 Ghent	 University	 were	




with	 secondary	 sinusitis	 (n=6),	 ethmoid	 hematoma	 (n=4),	 sinus	 cyst	 (n=3),	
mass/neoplasm	 (n=2),	 inflammatory/infectious	 disease	 (n=2),	 traumata	 (n=1)	
bilateral	temporohyoid	osteoarthropathy	(n=1)	and	no	diagnosis	(n=5)	(Table	1).		
The	first	attempt	of	catheterisation	of	the	common	carotid	artery,	in	the	first	
patient	 included	 in	 the	 study,	 was	 not	 fully	 successful	 leading	 to	 hematoma	
formation.	 The	 reason	 of	 the	 hematoma	 formation	was	 a	 hesitant	 introduction	 of	
the	catheter	through	the	thick	arterial	wall	and	probably	dissection	of	the	wall	with	













All	 horses	 recovered	 without	 complications,	 no	 adverse	 reactions	 on	 the	




During	 the	 IA	 injection	 of	 contrast	medium,	 there	was	moderate	 to	 severe	






medium	 occupied	 about	 50%	 of	 the	 lumen.	 In	 the	 other	 3	 patients	 the	 layer	 of	
contrast	medium	occupied	about	25%	of	the	lumen	of	the	vein.	In	the	maxillary	vein	
contralateral	to	the	side	of	injection,	no	such	dependant	contrast	medium	layer	was	
detected	 in	 any	 case.	 Enhancement	 in	 this	 vein	 was	 considered	 moderate	 and	
homogeneous	(Table	2,	Figure	3).		
	 Mild	 to	 moderate	 contrast	 enhancement	 was	 seen	 and	 measured	 for	 the	
pituitary	 gland	 (p<0.0001),	 nose	 septum	 (p=0.002),	 nose	 mucosa	 (p<0.0001)	 and	
parotid	salivary	gland	(p<0.0001)	(Table	2).	Two	different	enhancement	patterns	of	
the	nose	septum	and	nose	mucosa	were	observed	in	the	included	cases.	In	7	cases	
the	 enhancement	 was	 mild,	 homogeneous	 and	 symmetrical.	 In	 2	 cases	 the	
enhancement	was	inhomogeneous,	patchy	and	not	always	symmetrical	(Figure	1).	
On	 the	 post-contrast	 scans	 the	 cerebral	 arteries	 became	 asymmetrical	 and	
more	 clearly	 visible	 on	 the	 ipsilateral	 side	 of	 injection	 during	 IA	 contrast	
administration	 (Figure	 1).	 The	 cerebrum	 showed	 only	 none	 to	 mild	 contrast	
enhancement	 (p<0.0001)	 (Table	 2).	 None	 to	mild	 contrast	 enhancement	 was	 also	
only	measured,	 but	 not	 detected	while	 visually	 reviewing	 the	 cases	 for	 the	 longus	


























































































































































































































After	 IV	 injection	 of	 contrast	 medium,	 moderate,	 homogeneous	 and	
symmetric	 enhancement	 between	 the	 right	 and	 left	 maxillary	 veins	 in	 all	 cases,	
independently	 of	 the	 catheter	 side	 was	 detected	 (Figure	 2	 and	 3)	 and	 measured	
(Table	2).		
Mild	 to	 moderate	 contrast	 enhancement	 was	 seen	 and	 measured	 for	 the	
pituitary	 gland	 (p<0.0001),	 nose	 mucosa	 (p=0.02)	 and	 parotid	 salivary	 gland	
(p<0.0001)	 (Table	2).	 In	most	horses’	mild	 to	moderate	contrast	enhancement	was	
only	 seen	 and	 measured	 in	 the	 nose	 septum,	 but	 this	 enhancement	 was	 not	
significant	(p=0,26)	in	the	entire	group.	Two	different	enhancement	patterns	of	the	
nose	septum	and	nose	mucosa	were	also	observed	in	this	group.	In	7	cases	the	nose	
mucosa	 and	 in	 5	 cases	 the	 nose	 septum	 showed	 mild,	 homogeneous	 and	
symmetrical	 enhancement	 (Figure	 2).	 In	 4	 cases	 the	 enhancement	 was	
inhomogeneous,	 patchy	 and	 not	 always	 symmetrical.	 And	 in	 2	 cases	 the	 nose	
septum	showed	no	clear	enhancement.	
On	 the	 post-contrast	 scans	 the	 cerebral	 arteries	 became	 mild	 and	
symmetrical	 visible	after	 IV	 injection	of	 contrast	medium	 (Figure	2).	 The	 cerebrum	
was	 only	 none	 to	 mild	 contrast	 enhancing	 (p<0.0001)	 (Table	 2).	 None	 to	 mild	
contrast	 enhancement	 was	 also	 only	 measured,	 but	 not	 detected	 while	 visually	
reviewing	 the	 cases	 for	 the	 longus	 capitis	 muscles	 (p=0.001)	 and	 the	 brainstem	
(p=0.01)	(Table	2).		
No	 significant	 contrast	 enhancement	 was	 detected	 in	 the	 corpus	 vitreum	




A	 visual	 obvious	 difference	 in	 contrast	 enhancement	 was	 detected	 for	 the	
maxillary	 vein	 ipsilateral	 compared	 to	 the	 contralateral	 side	 of	 the	 side	 of	 the	
contrast	 injection,	 in	the	IA	group,	but	no	statistical	analysis	was	performed	due	to	
the	 outliers.	 Only	 the	 longus	 capitis	 muscles	 showed	 a	 significant	 asymmetric	
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enhancement	 (p=0,001).	 The	 other	 structures	 showed	no	 significant	 asymmetry	 in	
contrast	 enhancement	 (parotis	 salivary	 gland	 p=0.07;	 temporal	 muscles	 p=0.26;	











Abnormal	 contrast	 enhancement	was	 reported	 in	 4	 cases	 after	 IA	 contrast	
medium	 administration	 and	 in	 6	 cases	 after	 IV	 contrast	 medium	 administration	
(Table	 1).	 In	 these	 reported	 cases,	 the	 detected	 abnormal	 contrast	 enhancements	
could	 be	 divided	 in	 three	 categories:	 a	 strong	 vascularised	 mass	 (Figure	 4),	 an	
enhanced	rim	surrounding	an	unenhanced	structure	(Figure	2d	and	Figure	5)	and	a	
normal	 but	 inflamed	 anatomical	 structure	 highlighted	 as	 a	 region	 with	 increased	





In	 this	 study	 the	use	of	 IA	and	 IV	contrast-enhanced	CT	of	 the	equine	head	
was	described	using	clinical	cases.	Several	studies	have	described	the	use	of	contrast	





two	 scanners.	 The	 contrast	 medium	 administration	 protocols	 and	 scanners	 were	
consistent	 pairs.	 In	 the	 presence	 of	 interscanner	 or	 intrascanner	 variability,	
significant	 differences	 in	 enhancement	 can	 therefore	 not	 be	 explained	 without	
considering	differences	between	the	two	protocols.		
It	was	hypothesized	 that,	 the	 IA	 contrast	medium	administration	 technique	
would	 result	 in	 a	 similar	or	higher	 contrast	 enhancement	using	a	 lower	 volume	of	
contrast	 medium	 compared	 to	 the	 IV	 technique.	 Contrast	 enhancement	 of	 a	
structure	 is	 intrinsically	 depending	 on	 its	 specific	 anatomy	 and	 vascular	 supply,	
	
Figure	4:	 Transverse	CT	and	IA	contrast	enhanced	CT	 images	of	case	6	(right	 is	 to	the	left	
and	dorsal	 is	 to	 the	 top).	 A)	Squamous	cell	 carcinoma	 in	 the	hard	palate	causing	a	mass	
effect	 in	the	 left	ventral	nasal	meatus	and	suppressing	the	left	ventral	 conchal	sinus.	The	








the	 different	 structures.	 Recognising	 this	 shortcoming,	 we	 assume	 differences	 in	
contrast	enhancement	was	only	influenced	by	the	extrinsic	properties.		
The	 local	 contrast	 medium	 dose	 compared	 to	 the	 total	 dose	 administered	
and	the	influence	of	timing	are	different	for	the	two	techniques.	The	local	contrast	
medium	dose	 in	 the	 IV	 technique	 is	 influenced	by	the	amount	of	contrast	medium	
injected	as	 a	bolus	 and	 the	 systemic	dilution	 (influenced	mainly	by	 the	 size	of	 the	
	
Figure	 5:	 Transverse	CT	and	 IV	contrast	 enhanced	CT	 images	of	 two	cases	with	a	 sinus	
cyst	(right	is	to	the	left	and	dorsal	is	to	the	top).	A)	Native	CT	image	showing	a	fluid	filled	
right	 caudal	 maxillary	 and	 conchofrontal	 sinus.	 B)	 Contrast	 enhanced	 CT	 image	 at	 the	
same	 level	 as	 image	 A,	 showing	 a	 thin	 mild	 contrast	 enhancement	 of	 the	 capsule	
(arrows).	 C)	 Native	 CT	 image	 showing	 a	 fluid	 filled	 right	 caudal	 maxillary	 and	 frontal	
sinus,	a	partial	mineralised	capsule	is	detected	(arrows).	D)	Contrast	enhanced	CT	image	
at	 the	same	 level	as	 image	C,	showing	 the	partial	mineralised	capsule	(arrows)	with	an	





dose	 of	 contrast	medium	 in	 the	 common	 carotid	 artery	 is	 only	 influenced	 by	 the	





of	 the	carotid	arteries	was	 identified	20	 seconds	after	 the	 start	of	 the	 intravenous	
contrast	medium	bolus	administration	[30].	The	results	of	the	present	study	showed	
semi-quantitative	 moderate	 to	 severe	 enhancement	 of	 both	 the	 arterial	 and	 the	
venous	system	in	all	IV	cases.	The	continuous	injection	of	the	IA	protocol	is	assuring	
the	 visibility	 of	 contrast	medium	 in	 the	 arterial	 lumen.	 As	 previously	 seen	 for	 the	
distal	limb,	the	short	delay	before	initiation	of	the	scan	and	the	time	needed	to	scan	
the	 entire	 head	 is	 assuring	 contrast	 enhancement	 of	 the	 vascular	 bed,	 possible	
extravascular	 structures	 [20,	 21]	 and	 (as	 shown	 in	 the	 results)	 the	 venous	 system.	
Based	on	these	findings,	both	techniques	represent	a	mixed	(arterial	and	delayed)-
phase	CT	angiography.		
Our	 results	 showed	 for	 both	 techniques	 a	 similar	 semi-quantitative	 ranking	
from	 highest	 to	 least	 enhancing	 structures.	 Highest	 enhancement	 and	 extreme	
	
Figure	6:	Transverse	CT	and	IV	contrast	enhanced	CT	images	of	case	15	(right	is	to	the	left	
and	 dorsal	 is	 to	 the	 top).	 A)	 Secondary	 sinusitis	 in	 the	 right	 ventral	 conchal	 sinus	




outliers	were	 seen	 in	 the	maxillary	veins.	Due	 to	 these	extreme	outliers,	 statistical	
analysis	was	 not	 considered	useful.	 Pooling	was	 the	 cause	 of	 these	 outliers	 in	 the	
maxillary	 veins.	 Pooling	 is	 visible	 as	 the	 layered	 appearance	 of	 highly	 attenuating	
contrast	medium	and	blood	in	the	vasculature	due	to	the	lack	of	optimal	mixing.	This	
phenomenon	was	detected	in	both	the	arterial	and	venous	systems	in	the	IA	group.	
In	 the	 arterial	 system,	 streaming	 has	 previously	 been	 reported	 after	 intra-arterial	
drug	administration	and	depends	on	the	rate	of	infusion,	the	type	of	catheter	used	
and	the	position	of	the	catheter	in	relation	to	the	arterial	branching	[31].	Streaming	
in	 the	 venous	 system	 has	 previously	 been	 reported	 to	 occur	 in	 the	 portal	 vein	
following	direct	injection	of	contrast	medium	in	the	splenic	parenchyma	in	dogs	[32].	
However,	in	several	cases	streaming	was	present	in	the	venous	system	and	absent	in	
the	 arterial	 system	 after	 intra-arterial	 contrast	 administration.	 An	 explanation	 is	
lacking	for	this	observation.	
The	major	arteries	 that	supply	blood	to	 the	head	are	both	common	carotid	
arteries	 (left	 and	 right	 side	 of	 the	 head)	 and	 the	 basilar	 artery	 (brainstem,	
cerebellum	and	caudal	cerebrum)	[33-35].	Both	protocols	differ	based	on	the	arterial	
supply	of	contrast	rich	blood	to	the	head.	The	intravenous	protocol	is	non-selective,	
using	 both	 common	 carotid	 arteries	 and	 the	 basilar	 artery,	 compared	 to	 selective	
intra-arterial	protocol,	using	only	one	common	carotid	artery.	As	only	in	the	IV	group	
a	 small	 statistical	 significant	 difference	 in	 enhancement	 of	 the	 brainstem	 was	
measured	in	this	study,	the	inability	of	the	IA	protocol	to	supply	contrast	rich	blood	
to	the	brainstem,	cerebellum	and	caudal	cerebrum	should	be	considered	a	potential	
limitation	 of	 the	 protocol.	 Anatomically	 however	 the	 common	 carotid	 artery	 is	
supplying	blood	to	the	basilar	artery	in	the	domestic	animals	and	humans	[33-35],	by	
forming	 the	cerebrospinal	 artery,	which	 is	 fusing	with	 the	vertebral	 artery	 to	 form	
the	 basilar	 artery.	 Interestingly,	 the	 occipital	 arteries	 in	 horses	 are	 relatively	 large	
compared	to	other	domestic	animals	and	humans.	As	in	contrast	to	other	domestic	
animals	and	humans,	 in	horses	the	common	carotid	arteries	are	divided	 into	three	
arteries	 (the	 external	 and	 internal	 carotid	 arteries	 and	 also	 the	 occipital	 artery).	
Further	 research	 will	 be	 needed	 to	 determine	 to	 amount	 of	 contrast	 medium	
reaching	the	basilar	artery	through	this	connection.	




and/or	 measured	 in	 the	 IA	 group	 at	 the	 contralateral	 side	 following	 unilateral	






The	 pituitary	 gland,	 the	 nose	 septum	 and	mucosa	 and	 the	 parotid	 salivary	
gland	 are	 highly	 vascularised	 structures,	 which	 showed	 marked	 enhancement	 on	
most	 post-contrast	 images.	 Previous	 reports	 described	 the	 accuracy	 of	 delineating	
the	pituitary	gland	of	adult	horses,	using	250mL	MD-76	(370mgI/mL)	[27].	The	higher	
dose	of	 IV	 contrast	medium	used	 in	 this	 study,	 400mL	 Iobitridol	 (350mgI/mL),	will	
probably	 not	 improve	 one’s	 ability	 to	 detect	 the	 pituitary	 gland	 and	 the	 other	
marked	 enhanced	 structures.	 However,	 for	 the	 nose	 septum	 and	 mucosa,	 two	
patterns	 of	 contrast	 enhancement	 were	 observed.	 In	 our	 experience	 the	 patchy	
pattern	is	more	often	visible	with	an	increasing	dose	of	contrast	medium.	Due	to	a	
local	 higher	 contrast	medium	 concentration,	 this	 pattern	 of	 enhancement	 is	most	
likely	 highlighting	 the	 small	 calibre	 blood	 vessels	 running	 in	 these	 structures.	
Interestingly,	 no	 significant	 enhancement	 of	 the	 nose	 septum	 in	 the	 IV	 group	was	
detected,	 review	of	 the	data	showed	almost	no	enhancement	 in	several	cases	and	
moderate	 enhancement	 in	 the	 other	 cases.	 Similar	 results	 were	 seen	 for	 the	
temporal	 and	masseter	muscles.	 The	 absence	 of	 significant	 enhancement	 in	 these	
structures	 is	 most	 likely	 caused	 by	 the	 variation	 in	 contrast	 dosage	 (due	 to	 the	
differences	in	bodyweight)	between	the	individuals	included	in	this	group.		
The	 remaining	 structures	 had	 none	 to	 very	 mild	 significant	 contrast	
enhancement.	In	none	of	these	structures,	the	enhancement	was	appreciated	while	
reviewing	 the	 cases.	 Increasing	 the	 local	 dose	 of	 contrast	 medium	 would	
theoretically	result	in	higher	enhancements	in	these	structures.	Based	on	our	results	
the	 absence	 of	 visible	 contrast	 enhancement	 in	 these	 structures	 after	 contrast	




A	 conspicuous	 finding	 in	 these	 un-enhancing	 structures	 is	 several	 higher	
attenuation	 measurements	 on	 pre-contrast	 images	 compared	 to	 post-contrast	
images.	This	is	most	likely	due	to	small	movements	of	the	horses	in	between	scans.	
The	copied	ROI’s	incorporated	therefore	not	exactly	the	same	tissue	samples	of	the	
structures.	 This	 intra-patient	 variability	 has	 to	 be	 considered	 if	 abnormal	 contrast	
enhancement	is	diagnosed.	
Comparing	 both	 techniques,	 the	 results	 display	 different	 enhancements	 in	
three	 structures:	 the	 eye,	 pituitary	 gland	 and	 longus	 capitis	 muscle.	 Although	 all	
three	 structures	 show	a	 significant	 difference,	 for	 the	 eye	 and	pituitary	 gland,	 the	
median	difference	was	very	small	(1.1	and	0.4HU	respectively).	For	the	longus	capitis	
muscle	 the	 difference	 was	 higher	 (6.9HU).	 This	 muscle	 receives	 its	 blood	 supply	
directly	 from	the	common	carotid	arteries.	A	possible	explanation	for	the	detected	
difference	 and	 the	 significant	 asymmetric	 enhancement	 could	 be	 the	 streaming	
causing	a	local	exceptionally	high	concentration	of	the	contrast	medium	in	the	blood	
supplied	to	the	longus	capitis	muscles.	
Significant	 interobserver	 differences	 were	 only	 detected	 for	 the	
measurements	 performed	 on	 the	 brain	 and	 brainstem.	 Placement	 of	 the	 ROI’s	 on	
these	structures	differed	between	the	two	observers.	Reviewing	the	ROI’s	placed	on	
the	brain	did	not	allow	to	detect	a	difference	in	attenuation	(median	interobserver	
difference	 of	 4.5HU),	 this	 in	 accordance	 with	 previous	 reports	 [4].	 In	 contrary	
depending	on	the	WW	and	WL	setting	used	to	review	the	brainstem,	the	grey	and	
white	 matter	 could	 clearly	 be	 distinguished	 (median	 interobserver	 difference	 of	
9.2HU).	Depending	on	the	distance	to	the	cranium	for	the	brain	and	the	central	or	
peripheral	 localisation	 for	 the	 brainstem,	 an	 attenuation	measurement	 is	made	 of	
the	 more	 attenuating	 grey	 matter	 (observer	 2)	 or	 less	 attenuating	 white	 matter	
(observer	1).		




inflammation	 of	 an	 anatomical	 structure.	 Diagnostically	 these	 findings	 help	 in	 the	





only	 very	mild	enhancing,	 as	previously	described	 for	 cerebral	 lesions	 [13,	15]	and	
seen	 in	case	5	and	24,	have	 to	be	considered	abnormal.	 In	none	of	 the	cases	with	
abnormal	 contrast	 enhancement	 the	 IA	 and	 IV	 techniques	 were	 simultaneously	
performed.	 Direct	 comparing	 and	 determining	 differences	 between	 the	 two	





catheter	 should	 therefore	be	done	with	 a	 fast	 and	 strong	movement	 to	penetrate	
the	vessel	wall.	This	procedure	had	a	steep	learning	curve	considering	the	fact	that	
only	 the	 first	 catheterisation	 was	 followed	 by	 the	 formation	 of	 a	 hematoma.	 A	
specific	 concern	 for	 intra-carotid	 drug	 administration	 in	 humans	 is	 cerebral	
embolism	due	to	air	emboli	 [31].	Carefully	 removing	air	 from	the	pressure	 injector	
and	prefilling	 the	extension	set	prior	 to	attaching	 to	 the	catheter	are	provisions	 to	
prevent	 air	 emboli.	 In	 human,	 a	 transient	 but	 clinically	 tolerable	 increase	 in	 intra-
arterial	pressure	of	the	internal	carotid	and	vertebral	artery	has	also	been	observed,	
following	 prolonged	 intra-arterial	 injection	 of	 contrast	medium	 [37].	 In	 horses,	 an	
elevated	mean	arterial	 blood	pressure	or	 heart	 rate	were	 seen	 in	 5%	of	 the	 cases	
after	 intra-arterial	 iodinated	 contrast	 medium	 administration	 without	 requiring	
intervention	[38].	Intra-arterial	pressure	was	not	monitored	quantitatively	in	any	of	
the	 horses	 included	 in	 the	 study.	 However,	 volatile	 agent-induced	 hypotension	 is	
well	 known	 and	 a	 concern	 during	 inhalation	 anaesthesia	 in	 horses	 [39].	 Our	main	
consideration	 not	 to	 monitor	 intra-arterial	 pressure	 was	 to	 keep	 the	 total	
anaesthesia	time	as	short	as	possible.		
A	 second	 concern	 is	 the	 contrast	 medium	 induced	 anaphylactic	 reactions,	
reported	 for	 several	 species	 including	 horses	 [38,	 40-42].	 Mild	 reactions	 as	 an	
elevated	heart	rate,	changes	in	blood	pressure,	urticarial	and	oedema	are	the	most	
often	seen	symptoms.	Excluding	these	reactions	in	the	study	population	solely	based	
on	 the	 clinical	 records	 is	 difficult,	 as	 for	 these	 conditions	 no	 treatment	 or	
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intervention	 is	 considered	necessary	 [38,	 42]	 and	blood	pressure	 is	 not	 standardly	
recorded	 in	 our	 institutes	 during	 CT	 studies.	 Moderate	 and	 severe	 anaphylactic	
reactions	 require	 treatment	or	 intervention	 [38,	 42].	No	 such	 reactions	have	been	
described	in	the	anaesthesia	and	clinical	records	of	the	included	cases.	
In	conclusion,	either	protocol	used	in	this	study	showed	similar	marked,	mild	
or	none	obvious	 contrast	 enhancement	depending	on	 the	 reviewed	 structure.	 The	







the	 recognition	 of	 abnormal	 contrast	 enhancements	 in	 the	 horse’s	 head.	 Further	
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different	 sized	 and	 aged	 horses.	 32	 horses	 without	 pituitary	 pars	 intermedia	













Pituitary	 pars	 intermedia	 dysfunction	 (PPID)	 is	 the	 most	 common	
endocrinologic	 disorder	 in	 horses,	 characterised	 by	 an	 increase	 in	 plasma	
concentration	 of	 adrenocorticotropin	 hormone	 (ACTH)	 and	 α-melanocyte	
stimulating	 hormone	 [1-4].	 Pathophysiologically,	 PPID	 results	 from	 the	 slow	
progressive	 loss	of	dopaminergic	(inhibitory)	 input	to	the	melanotropes	of	the	pars	
intermedia	 (PI)	 of	 the	 pituitary	 gland	 [4].	 PPID	 is	 thus	 a	 progressive	
neurodegenerative	syndrome	 in	horses.	A	presumptive	diagnosis	 is	often	based	on	
typical	 changes	 in	 blood	 parameters.	However,	 an	 increase	 in	 size	 of	 the	 pituitary	
gland	 is	 considered	 to	 be	 associated	 with	 PPID	 [3-7].	 Based	 upon	 histologic	
examination	the	pituitary	gland	can	be	divided	into	5	grades	(grade	1	till	5):	grade	1	
is	 considered	 normal,	 grade	 2	 has	 focal	 or	 multifocal	 areas	 of	 PI	 hypertrophy	 or	
hyperplasia	which	 are	 considered	 to	 be	 normal	 aging	 changes.	Grade	 3	 (diffuse	 PI	
adenomatous	 hyperplasia),	 grade	 4	 (PI	 adenomatous	 hyperplasia	 with	 micro-
adenomas)	 and	 grade	 5	 (PI	 or	 pars	 anterior	 containing	 a	 macro-adenoma)	 are	
considered	to	be	abnormal	changes	in	the	ptuitary	gland	suggesting	PPID.	
Computed	 tomography	 (CT)	 in	 combination	with	 contrast-enhanced	 CT	 has	
been	used	 to	visualise	 the	pituitary	gland	 in	human	and	veterinary	medicine	 [3,	6-
10].	In	canine	veterinary	literature	the	pituitary	gland	height-to-brain	area	ratio	(P:B	
ratio)	was	introduced	to	allow	the	comparison	of	the	pituitary	gland	size	of	small	and	
large	dog	breeds	 [9,	10].	Based	on	cadaver	 studies,	variables	 such	as	age,	 size	and	
sex	seem	to	influence	the	pituitary	gland	size	in	horses	[5,	6,	8].	Reference	values	of	
the	normal	or	abnormal	size	of	the	pituitary	gland	have	been	published	[6,	7],	but	in	
these	 reports	 the	 age,	 size	 and	 sex	 of	 the	 individuals	 have	 not	 been	 taken	 into	
account.	
The	 aims	 of	 this	 study	 were	 to	 document	 the	 potential	 effect	 of	 several	
parameters	 on	 the	 size	 of	 the	 pituitary	 gland	 in	 horses	 without	 PPID.	 We	 first	
hypothesised	that	while	using	CT	the	use	of	the	pituitary	gland	height-to-brain	area	








This	 study	 was	 performed	 after	 receiving	 approval	 from	 the	 ethical	






was	obtained	prior	 to	 inclusion	 in	 the	 study.	 For	 all	 included	horses,	 age,	 sex,	 and	
weight	were	recorded. 
Computed	tomographic	examination	
CT	 scans	 of	 the	 head	 were	 acquired	 with	 the	 horses	 under	 general	
anaesthesia.	Each	horse	was	sedated	using	romifidinea	(0.08	mg/kg,	IV).	Anaesthesia	
was	induced	with	a	combination	of	ketamineb	(2.2	mg/kg,	IV)	and	midazolamc	(0.06	
mg/kg,	 IV).	 After	 orotracheal	 intubation,	 anaesthesia	was	maintained	with	 inhaled	
isofluraned	 in	 oxygen	 (on	 effect,	 ±1.2%	 expiratory).	 Routine	 monitoring	 was	
performed	throughout	anaesthesia.		
The	 horses	 were	 positioned	 in	 dorsal	 recumbency	 with	 the	 head	 in	 the	
gantry.	The	earliest	horses	were	examined	using	a	 single	 slice,	helical	CT	 scannere.	




First,	 a	 pilot	 study	was	 performed	 to	 assess	 the	 symmetric	 position	 of	 the	
horse’s	 head	 in	 the	 gantry,	 followed	 by	 pre-	 and	 post-contrast	 CT	 studies	 in	 all	
horses.	Post-contrast	CT	was	performed	after	catheterisation	(18	gauge	x	80	mm)	of	
one	of	 the	cephalic	 veins	 in	 the	 thoracic	 limbs,	with	 the	bevel	directed	away	 from	
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the	 heart.	 The	 catheter	 was	 fixed	 to	 the	 skin	 with	 cyanoacrylate	 adhesive.	 Two	




about	30	 s	 after	 the	 start	of	 the	administration	of	 the	 contrast	medium.	After	 the	
catheter	was	 removed,	 a	bandage	with	moderate	 compression	was	placed	around	
the	limb	at	the	site	of	injection	for	the	time	of	the	recovery.	
Image	analysis	
A	 sub-selection	 of	 the	 post-contrast	 CT	 studies,	 including	 the	 entire	 sella	
turcica,	 was	 selected	 from	 each	 case,	 anonymised	 and	 randomly	 numbered.	
Unaware	 of	 the	 status	 of	 the	 cases,	 two	 observers	 (CC,	 IG)	 performed	 the	




the	selected	slice,	 the	pituitary	gland	height	was	measured	 in	 the	midline,	and	the	
brain	 area	 on	 the	 same	 slice	 was	 semi-automatically	 calculated	 using	 the	






First	 of	 all,	 the	 intra-	 and	 inter-observer	 agreements	 of	 the	 three	
measurements	(pituitary	gland	height,	brain	area	and	P:B	ratio)	were	assessed	using	
Bland-Altman	 curves.	 To	 determine	 the	 presence	 of	 a	 systematic	 bias	 between	
measurements	 and	 between	 observers,	 a	 paired	 T-test	 was	 performed.	 The	 95%	
limits	of	agreement	were	calculated	to	determine	the	random	variation.	In	addition,	
the	coefficient	of	variation	was	calculated	to	allow	a	direct	comparison	of	the	three	
measurements.	 The	 relation	 between	 age	 or	weight	 as	 independent	 variables	 and	
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2).	 The	 sub-selection	 of	 the	 post-contrast	 CT	 studies	 included	median	 of	 66	 slices	
(range	21	-	151),	with	slice	thicknesses	of	1.25	mm	(n=7),	2.5	mm	(n=24),	3.75	mm	
(n=1)	and	5	mm	(n=2).		
The	mean	difference,	 the	95%	 limits	 of	 agreement,	 the	 standard	deviation,	
the	statistical	significance	of	the	mean	difference	and	the	coefficient	of	variation	for	
the	 intra-observer	 and	 intra-modality	 agreement	 of	 the	 pituitary	 gland	 height	










The	 first	 principal	 component	 of	 both	 the	 P:B	 ratio	 and	 the	 height	 of	 the	
pituitary	 gland	 explained	 98%	 of	 the	 variation.	 There	was	 a	 significant	 association	











ratio	 calculations	 of	 32	 horses	 of	 different	 ages	 and	 weights	 with	 normal	 ACTH.	 Plots	
include	 a	 linear	 trend	 line	 of	 best	 fit	 of	 the	 association	 between:	 a)	 the	 pituitary	 gland	
height	and	the	weight	of	 the	horses	(R2=0.31418,	p=<0.001);	b)	the	pituitary	gland	height	
and	the	age	of	the	horses	(R2=0.34118,	p=<0.001);	c)	the	P:B	ratio	and	 the	weight	of	 the	





In	 our	 study,	 we	 evaluated	 the	 repeatability	 of	 the	 pituitary	 gland	 height	
measurement	and	the	P:B	ratio	in	a	group	of	32	PPID-free	horses	of	different	sizes,	
ages,	 genders	 and	 breeds.	 The	 main	 finding	 in	 this	 study	 was	 the	 presence	 of	 a	
significant	association	between	the	pituitary	gland	height	and	the	size	or	age	of	the	






Table	 1:	 Agreement	 between	 observers	 for	 the	 pituitary	 gland	 height	 and	 brain	 area	
measurements,	and	the	P:B	ratio	calculations	(total	n	=	32	 included	cases)	SD	=	standard	
deviation;	 *	 =	 significant	difference;	 Intra	1	 =	between	 the	measurements	of	observer	1;	
intra	 2	 =	 between	 the	 measurements	 of	 observer	 2;	 Inter	 1st	 =	 between	 the	 first	




pituitary	 gland	 weight’	 (pituitary	 gland	 weight	 (g)/body	 weight	 (g))	 was	 not	






Several	 studies	 have	 suggested	 an	 age-related	 increase	 in	 the	 size	 of	 the	
pituitary	gland	[3,	8].	In	the	present	study	a	positive,	though	non-significant	(p=0.06),	
association	was	found	between	the	P:B	ratio	and	age.	It	must	be	remembered	that	





Figure	 3:	 Transverse	 contrast-enhanced	 CT	 images	 of	 a	 foal,	 an	 adult	 pony,	 an	 adult	
Warmblood	and	an	aged	Warmblood	showing	the	variation	in	pituitary	gland	size	of	horses	
with	normal	ACTH	 values.	A:	a	9	month	old	Warmblood	stallion	of	285	 kg	 (Height:	 0.525	






gland	of	 a	 foal	 and	 a	 pony	 are	 both	 smaller	 compared	 to	 the	 size	 of	 the	 pituitary	
gland	of	an	adult	Warmblood.	The	disproportional	growth	of	the	pituitary	gland	has	
previously	 been	 described	 histologically	 as	 focal	 or	 multifocal	 hypertrophy	 and	
hyperplasia	 of	 the	 PI	 [3].	 In	 this	 histological	 pituitary	 gland	 grade	 2,	 the	 PI	 can	
increase	 up	 to	 twofold	 in	 size	 without	 abnormal	 plasma	 ACTH	 concentration	 and	
these	 are	 considered	 normal	 aging	 changes	 [3,	 8].	 Although	 CT	 is	 not	 able	 to	
distinguish	between	the	different	parts	of	the	pituitary	gland,	the	highest	ratios	were	
observed	 in	the	aged	horses	of	 this	study.	The	 inability	to	statistically	demonstrate	
the	age-associated	disproportional	growth	in	this	study	is	most	likely	due	to	the	large	
individual	variation	in	the	pituitary	gland	size	as	previously	described	[5,	8]	and	seen	
in	this	study.	 In	the	study	population	the	 largest	pituitary	glands	were	seen	 in	four	
16-year-old	horses	 and	not	 in	 the	older	 horses	 included.	 The	 inclusion	 criterion	of	
this	study	(normal	plasma	ACTH	concentration)	most	likely	selected	horses	with	little	
(histologically	 grade	1	 [3,	 8])	 disproportional	 growth	 in	 the	aged	group.	With	PPID	
being	a	progressive	degenerative	syndrome,	a	horse	with	a	disproportional	growth	
(histologically	 grade	 2	 [3,	 8])	 of	 the	 pituitary	 gland	 (which	 is	 considered	 normal)	
could	transit	over	time	into	a	clinical	case	of	PPID.	In	a	larger	study	population,	the	
age-related	 increase	 in	 size	 of	 the	 pituitary	 gland	 could	 become	 more	 evident.	
Interestingly,	 the	highest	measurements	 of	 the	pituitary	 gland	height	 in	 this	 study	
were	close	to	the	average	measurements	of	the	pituitary	gland	height	of	horses	with	
PPID	 described	 by	 Pease	 et	 al.	 2011	 [7].	 The	 large	 pituitary	 glands	 seen	 in	 aged	
horses	 with	 and	 without	 PPID	 illustrate	 the	 presence	 of	 a	 grey	 zone	 between	 a	
normal	 and	 abnormal	 pituitary	 gland.	 This	 grey	 zone	 makes	 it	 more	 difficult	 to	
distinguish	between	individuals	with	and	without	PPID	based	on	CT.	
Gender-related	differences	 in	pituitary	 gland	 size	 and	histologic	 grade	have	
been	 described,	 with	 pregnant	 and	 lactating	 mares	 having	 larger	 pituitary	 glands	




A	 significant	 consistent	 bias	 was	 found	 when	 the	 measurements	 of	 the	






between	 the	 first	 and	 second	 series	of	measurements.	As	pituitary	 gland	height	 is	
used	 to	calculate	 the	P:B	 ratio	and	no	significant	differences	were	observed	 in	 the	
area	measurements,	we	expected	to	observe	the	same	trend	for	both.	Review	of	the	
cases	did	not	allow	the	identification	of	a	specific	change	in	measurement	protocol	
between	 the	 first	and	 second	case	 series	of	observer	2.	A	bigger	 issue	would	be	a	
large	 SD	 (and	 consequently	 large	 limits	 of	 agreement),	 as	 this	 indicates	 a	 non-
systematic	 difference.	 However,	 the	 results	 in	 this	 study	 showed	 less	 random	
variation	 in	measurements	of	 the	pituitary	gland	height	 (smaller	SDs)	compared	 to	
previous	studies	in	dogs	and	horses	[6,	10].	Possible	explanations	are	the	improved	
contrast-enhanced	CT	protocols	 (higher	contrast	dose,	 increased	 injection	rate	and	
better	 scan	 timing	 in	 comparison	 to	 previous	 studies	 [7])	 and	 post-processing	
algorithms,	which	allows	to	increase	the	contrast	between	the	very	mildly	contrast-
enhancing	normal	brain	tissue	and	the	moderate	to	severe	contrast-enhancing	of	the	
pituitary	 gland.	 The	 zoom	 function	 improved	 the	 possibilities	 of	 image	 analysis,	
enabling	 more	 precise	 cursor	 placement	 for	 the	 measurements.	 Using	 the	
segmentation	tool	is	especially	accurate	in	cases	were	the	boundaries	between	two	
tissues	 (brain-bone)	 are	 highly	 contrasting.	 Semi-automatic	 calculation	 instead	 of	
manual	 delineation	 [10]	 of	 the	 brain	 area	 eliminated	 human	 error	 from	 the	
determination	of	the	brain	area.		
A	 limitation	 of	 this	 study	 was	 that	 the	 individuals	 included	 were	 mainly	
Warmbloods,	as	 this	 is	 the	primary	population	of	our	CT	patients.	Previous	studies	
have	 shown	 the	 absence	 of	 breed	 influence	 on	 the	 pituitary	 gland	 size	 [5].	 The	
number	of	ponies	or	horses	in	the	other	breed	groups	was	too	small	to	compare	the	
different	breeds	and	perform	 reliable	 statistical	 analysis.	Another	 limitation	of	 this	
study	 was	 the	 inability	 to	 compare	 the	 CT	 results	 with	 histologic	 findings	 of	 the	
pituitary	glands	in	this	mainly	patient-based	population.	In	a	recent	study	however,	
following	contrast	administration	(intravenous	or	intra-arterial)	measurements	were	
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Radiography	 and/or	 ultrasonography	 are	 still	 the	 first	 imaging	 techniques	 applied.	
However	inconclusive	findings	obtained	via	radiography	and	ultrasonography	create	
the	 necessity	 for	 more	 advanced	 imaging	 techniques	 such	 as	 CT,	 MRI	 and	
scintigraphy	which	are	used	 for	evaluation	of	a	great	variety	of	 lesions.	Depending	
on	 the	 expected	 type	 of	 lesion	 and	 structures	 involved,	 the	 clinician	 will	 have	 to	
choose	 an	 appropriate	 imaging	 modality.	 In	 order	 to	 do	 so,	 knowledge	 of	 the	
capabilities	 and	 maybe	 even	 more	 importantly,	 the	 limitations	 of	 each	 imaging	
modality	is	necessary.		
In	 textbooks	 the	 difference	 between	 radiography	 and	 CT	 is	 thoroughly	
described	[1,	2].	The	knowledge	of	the	value	of	these	techniques	for	specific	lesions	
is	 however	 not	 yet	 complete.	 In	 the	 first	 part	 of	 this	 thesis	 the	 advantages	 and	
limitations	 of	 radiography	 and	 CT	 to	 detect,	 describe	 and	 diagnose	 distal	 limb	
fractures	(chapter	3)	and	head	fractures	(chapter	4)	are	evaluated.	
The	 first	 two	 studies	 are	based	on	 the	 fundamental	 clinical	 principle	 that	 a	
complete	 and	 correct	 diagnosis	 should	 precede	 treatment.	 If	 some	 fractures	 and	
fracture	characteristics	remain	undiagnosed,	they	are	not	taken	into	account	in	the	
treatment	 plan,	 which	 can	 result	 in	 inappropriate	 therapy	 and	 consequently	 poor	




calculating	sensitivity	and	specificity	of	 radiography	and	CT	was	not	possible	 in	 the	
absence	of	gross	pathology	(or	surgery)	as	the	gold	standard.	This	study	limitation	is	
important	because	sensitivity	and	specificity	of	CT	is	not	100%	for	all	fracture	types	
as	 shown	 in	 human	 literature	 for	 fractures	 of	 the	mandibular	 condyle,	 orbital	 and	
maxillary	sinus	[3,	4].		
In	 both	 studies	 several	 fractures	 went	 completely	 undetected	 on	
radiography.	These	fractures	can/could	be	categorised	as	(1)	subtle	fractures	or	(2)	
fractures	masked	by	 surrounding	 anatomical	 complexity.	Although	both	 categories	
were	 detected	 in	 both	 studies,	 the	 subtle	 lesions	 most	 likely	 have	 a	 different	
aetiology	 in	 the	 head	 versus	 the	 distal	 limbs.	 The	 trauma	 severity	 most	 likely	
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influences	 the	 severity	 of	 the	 lesion	 detected	 in	 the	 head,	 whereas	 prodromal	
pathology	 has	 to	 be	 considered	 as	 an	 aetiology	 for	 subtle	 distal	 limb	 lesion.	
Prodromal	pathology	in	the	form	of	stress	fractures	in	the	distal	limb	is	considered	to	
be	 a	 precursor	 of	 catastrophic	 fractures.	 Not	 recognizing	 these	 lesions	 carries	 an	
important	 risk	 for	 fracture	 propagation	 [5].	 Beside	 CT,	 both	 MRI	 [6-9]	 and	
scintigraphy	 [5,	 10,	 11]	 have	proven	 their	 diagnostic	 capabilities	 in	 horses	without	
radiographic	bone	abnormalities.		
In	 contrast	 to	 CT,	MRI	 studies	mainly	 describe	 radiographically	 undetected	
fractures	 with	 a	 focus	 on	 the	 distal	 limbs	 of	 racehorses	 [6-8,	 12,	 13].	 Hence	MRI	
research	 is	mainly	 concentrated	 on	 uncovering	 imaging	 characteristics	 of	 adaptive	
changes	considered	to	be	prodromal	pathology	[6-8,	14,	15].	 In	two	cross-sectional	
cadaver	studies,	the	presence	of	a	fissure	line	resulted	in	altered	signal	intensity	on	
STIR	 and	 T2*GRE	 sequences	 (bone-marrow	 oedema	 type	 signal),	 heterogeneous	
hypointense	 signal	 on	 T1-	 and	 T2*-weighted	 images	 (bone	 densification),	 or	 a	
combination	 of	 these	 patterns	 [15,	 16].	 Depending	 on	 the	 fracture	 type,	 bone-
marrow	oedema	 type	 signal	 in	 the	distal	 condyles	of	 the	 third	metacarpus	 [16]	 or	
bone	densification	in	proximal	sesamoid	bones	[15]	was	detected	more	often	in	ipsi-	
and	 contralateral	 limbs	 of	 horses	 sustaining	 a	 fatal	 fracture.	 In	 a	 case	 series	 on	
unicortical	condylar	fractures,	various	severities	of	STIR	hyperintensity	in	one	or	both	
metacarpal/tarsal	condyles	were	detected	[7].	The	biomechanical	forces	involved	in	
these	 different	 fracture	 types	 explain	 the	 variation	 in	 signal	 pattern.	 Compressive	
forces	cause	more	bone	marrow	oedema,	compared	to	tensile	forces	by	which	the	
bone	 marrow	 space	 becomes	 more	 fibrotic	 from	 repetitive	 injuries	 [15].	 To	 our	










In	 contrast	 to	 CT	 and	 MRI,	 scintigraphy	 is	 not	 representing	 specific	
anatomical	 structures	 but	 is	 reflecting	 physiological	 function	 of	 tissue	 [10].	 Equine	
scintigraphy	is	best	suited	for	detecting	acute	soft	tissue	and	osseous	abnormalities	
because	 radiopharmaceutical	 uptake	 often	 precedes	 radiographic	 detection.	
However,	 scintigraphy	 can	 also	 be	 used	 to	 locate	 potential	 areas	 of	 abnormal	
osseous	turnover	in	horses	with	chronic,	vague	lameness.	Technetium	99m	linked	to	
the	 radiopharmaceutical	 methylene	 diphosphonate	 is	 the	 most	 commonly	 used	
radionuclide	in	equine	imaging	[10].	The	quantity	of	the	radiopharmaceutical	binding	
to	 hydroxyapatite	 in	 bone	 is	 a	 relative	 indication	 of	 osteoblastic	 activity,	 bone	
metabolism	and	blood	flow	to	the	bone	in	a	specific	region	[10].	As	subtle	structural	
bone	changes	are	preceded	by	functional	changes	[5,	17],	scintigraphy	is	maybe	able	
to	 detect	 pathologic	 processes	 in	 an	 earlier	 stage.	However,	 in	 a	 study	 exclusively	
including	 horses	 with	 increased	 radionuclide	 uptake	 in	 the	 lateral	 metatarsal	
condyle,	 differentiation	 between	 cartilage	 damage,	 osteoarthritis	 or	 subchondral	
bone	 pathology	 could	 not	 be	 made	 [11].	 Similar	 results	 of	 increased	
radiopharmaceutical	uptake	 in	 the	proximal	part	of	 the	third	metacarpal	or	–tarsal	
bone	has	been	shown	to	indicate	desmitis	of	the	proximal	suspensory	ligament	or	a	
cortical	stress	fracture	[10].	A	comparative	study	between	CT,	MRI	and	scintigraphy	
would	 be	 interesting	 to	 compare	 their	 capabilities	 in	 detecting	 subtle	 insertion	
desmopathies	and	prodromal	fracture	lesions.	
Beside	 some	 subtle	 fractures	 and	 those	masked	 by	 complex	 anatomy,	 the	
majority	 of	 fractures	 included	 in	 chapter	 3	 and	 4	 were	 initially	 detected	 with	
radiography.	 Fracture	 details	 however	 were	 substantial	 misdiagnosed	 or	
underdiagnosed.	Knowledge	of	these	fracture	details	can	however	be	very	important	
in	 successful	 fracture	 repair.	 Indeed,	 due	 to	 the	 high	weight	 of	 the	 animals,	 their	
temperament	 and	 the	 limitations	 in	 the	 use	 of	 external	 immobilisation	 to	 support	
internal	fixation,	good	results	can	often	only	be	obtained	by	maximizing	apposition	
and	alignment	of	the	fracture	fragments	and	minimizing	the	number	of	mechanical	
“errors”	 [18].	 The	 limited	 ability	 to	 determine	 fracture	 length,	 complexity	 and	
orientation	 on	 radiographs	 has	 been	 observed	 during	 surgery	 [19].	 Detecting	
additional	 fracture	 lines	during	surgery	complicated	and	 lengthened	the	procedure	
and	 general	 anaesthesia	 time.	 Moreover,	 complications	 due	 to	 affected	 local	
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vascularity,	 infection,	 and	 delayed	 healing	 are	 reported	 during	 aggressive	 open	
fracture	 repairs	 [18].	 To	 minimize	 these	 complications	 during	 and	 after	 surgery,	
surgical	 procedures	 have	 evolved	 to	 be	 less	 invasive.	 Performing	 these	 techniques	
however	 necessitates	 (prior	 to	 surgery)	 accurate	 imaging	 diagnosis	 of	 the	 fracture	
complexity	and	orientation	[18,	20].	The	use	of	CT	for	surgical	planning	has	therefore	
been	suggested	[21-25].	To	determine	the	additional	value	of	CT	in	these	cases,	the	
ability	 to	 visualise	 specific	 fracture	 characteristics	 with	 radiography	 and	 CT	 were	
compared.	 In	 chapter	 3	 the	 intermodality	 agreements	 for	 identifying	 articular	
involvement,	 comminution	 and	 displacement	 of	 the	 fracture	 were	 only	 fair.	 The	
intermodality	 agreements	 between	 radiography	 and	 CT	 for	 fracture	 orientation,	
number	of	fragments	and	fracture	width	were	even	poor.	In	line	with	these	findings	
on	the	distal	limbs,	the	fracture	extension	was	also	underestimated	with	radiography	
compared	 to	 CT	 in	 fractures	 of	 the	 head	 (chapter	 4).	 Furthermore	 head	 fractures	
were	more	 often	 classified	 simple	 on	 radiography	opposed	 to	 comminuted	on	CT,	
and	 the	 amount	 of	 fragments	 present	 was	 almost	 always	 underestimated	 with	
radiography.		
More	 accurate	 knowledge	 of	 the	 fracture	 configuration	 prior	 to	 surgery	
allows	more	reliable	and	accurate	surgical	planning.	The	advantage	of	pre-	or	intra-
operative	 CT	 in	 such	 cases	 has	 shown	 to	 limit	 the	 time	 needed	 to	 visualise	 the	
fracture	 [20,	 26,	 27],	 compared	 to	 the	 intra-operative	 use	 of	 arthroscopy	 and	
fluoroscopy	only.	 This	 development	 is	 considered	 to	 increase	 the	 efficiency	during	
surgery	[20].	 In	addition,	general	anaesthesia	time	seems	to	decrease	 if	CT	 is	used,	
although	this	has	not	been	evaluated	objectively.		
The	 major	 disadvantage	 of	 CT	 has	 always	 been	 the	 necessity	 of	 general	
anaesthesia,	 especially	 in	 cases	 where	 a	 treatment	 would	 be	 performed	 on	 the	
standing	 horse.	 Indeed,	 general	 anaesthesia	 for	 purely	 diagnostic	 purposes	 is	
expensive	 and	has	 an	 inherent	 risk	 related	 to	 the	 recovery	 of	 the	 horses	 [28,	 29].	
Introduction	 of	 standing	 CT	 to	 image	 the	 head	 [30]	 and	 standing	 CT	 and	 MRI	 to	






and	MRI	more	accessible	 for	preventive	 screening	 in	 cases	where	 radiography	and	
ultrasonography	are	inconclusive	[6-8].	
The	horizontal	orientation	of	the	head	and	neck	in	horses	was	advantageous	
in	 the	development	of	 standing	CT,	 as	 no	 changes	 in	 vertical	 scan	plan	of	 existing	
systems	were	needed	to	scan	the	head.	Adaptations	were	 focused	on	 levelling	 the	
head	to	the	CT	table	and	allowing	the	equine	platform	to	move	simultaneously	and	
smoothly	 during	 scanning	 [30].	 However,	 to	 be	 able	 to	 scan	 the	 distal	 limbs	 a	
horizontal	scan	plan	is	needed.	As	human	systems	do	not	allow	an	alteration	of	the	
scan	 plan	 by	 90	 degrees,	 specifically	 designed	 modalities	 are	 required.	 At	 the	
moment	 only	 a	 modality	 using	 a	 translate-rotate	 multidetector	 system,	 used	 for	
peripheral	 quantitative	 computerised	 tomography	 (pQCT)	 in	 human	 medicine,	 is	
available	[32].	Compared	to	conventional	CT,	pQCT	has	several	limitations.	First,	the	
relatively	low	x-ray	energy	used	(60	kVp	vs	120-140	kVp	in	conventional	CT)	favours	
bone	 and	 limits	 soft	 tissue	 definition	 [33].	 Secondly,	 pQCT	 is	 an	 axial	 scanning	
modality	with	a	long	acquisition	time	per	slice	(90	s	vs	0,6-0,8	s	in	conventional	CT).	
Thirdly,	 quality	 of	 reformatted	 images	 is	 poor	 due	 to	 the	 very	 limited	 number	 of	
slices	 per	 study	 (average	 6	 slices)	 [32].	 Fracture	 details	 in	 between	 the	 slices	
therefore	remain	unknown.		
In	 equine	 literature,	 an	 increasing	 range	 of	 orthopaedic	 procedures	






contrast-enhanced	CT	 is	 to	 improve	soft	 tissue	contrast	 in	an	attempt	to	avoid	 the	




Although	 several	 differences	 between	 the	 two	 modalities	 were	 described,	 both	









In	 equine	medicine	 two	 routes	 of	 contrast	 administration,	 intravenous	 and	
intra-arterial,	are	used	for	contrast-enhanced	CT	of	the	head.	The	intravenous	route	
is	most	commonly	used	in	horses	[41-44,	64],	as	well	as	in	small	animals	[65-67].	The	
intra-arterial	 route,	 adapted	 from	 the	 standardized	 protocol,	 has	 been	 well	
described	 for	 the	 evaluation	 of	 distal	 extremities	 in	 horses	 [68-71].	 The	 main	
purpose	for	the	development	of	the	intra-arterial	protocol	was	to	increase	the	local	
contrast	 enhancement,	 while	 simultaneously	 lowering	 the	 amount	 of	 contrast	
medium	needed	[64,	72].		
For	 contrast-enhanced	 CT	 of	 the	 head	 no	 standardized	 systemic	 dosage	 of	
contrast	medium	or	 injection	 protocol	 have	 been	 determined	 in	 equine	medicine.	
Normally	 the	 protocol	 used	 in	 small	 animals	 would	 be	 extrapolated	 and	 used	 in	
horses	 (600	mgI/kg	 injected	at	a	 rate	of	2	ml/s)	 [65-67].	However,	administering	a	
comparable	amount	of	contrast	in	horses	is	considered	unworkable,	as	is	illustrated	
by	 the	 various	 lower	 dosages	 of	 iodine	 used	 in	 equine	 literature	 (160-280	mgI/kg	
bodyweight)	[41-44,	64].		
The	 enhancement	 of	 normal	 and	 abnormal	 anatomical	 structures,	 after	
intravenous	contrast	administration,	have	been	described	for	small	animals	[73].	 In	
contrast,	 the	 enhancement	 values	 of	 the	 head	described	 in	 chapter	 6	 can	only	 be	
compared	to	the	results	described	in	the	study	of	Carmalt	and	Montgomery	(2015)	
[64].	That	study	 is	unfortunately	 limited	to	 the	structures	surrounding	the	cranium	
and	enhancements	are	only	reported	for	a	 limited	amount	of	structures.	However,	
the	 evaluation	 of	 the	 results	 of	 both	 studies	 allows	 us	 to	 compare	 the	 different	
contrast	injection	protocols	used.	The	IV	protocol	used	by	Carmalt	and	Montgomery	
(2015)	consisted	of	240	mL	iohexol	(350	mgI/mL)	manually	injected	into	the	jugular	







65%	 enhancement	 over	 baseline	 in	 chapter	 6.	 Considering	 that	 the	 administered	
dosage	and	 tissue	enhancement	 are	proportionally	 correlated	 [74],	 the	 substantial	






studies	 were	 however	 almost	 identical.	 Carmalt	 and	 Montgomery	 injected	
continuously	240	mgI/mL	into	the	carotid	artery	with	an	injection	rate	of	4	mL/s	and	
a	 scan	 delay	 of	 5	 s.	 In	 chapter	 6,	 350	mgI/mL	was	 injected	 continuously	 into	 the	
carotid	artery	with	an	injection	rate	of	2	mL/s	and	a	scan	delay	of	5	s.	Carmalt	and	
Montgomery	 injected	 a	 higher	 equivalent	 iodine	 dosage	 per	 second	 (960	 mgI/s)	
compared	 to	 our	 study	 (700	 mgI/s).	 In	 contrast	 to	 arterial	 enhancement,	
parenchymal	enhancement	is	less	influenced	by	injection	rate	and	equivalent	iodine	
dosage	per	 second,	but	 is	more	determined	by	 the	 total	 iodine	dose	administered	
[74].	As	a	result	of	the	different	CT	scanners	used	(16	slice	vs.	4	slice),	scanned	object	
size	 (cranium	vs.	 complete	head)	 and	 scan	duration	 (6	 s	 vs.	 90	 s),	 the	 total	 iodine	
injected	 dosage	 was	 different	 between	 the	 two	 studies.	 The	 total	 iodine	 dosage	
injected	by	Carmalt	and	Montgomery	(10.560	mg)	was	substantially	lower	compared	
to	 the	 dosage	 injected	 in	 chapter	 6	 (63.000	 mg)	 explaining	 the	 difference	 in	
enhancement	 (respectively	 12%	 versus	 46.5%	 over	 baseline).	 Interestingly,	 no	
significant	 difference	 in	 parenchymal	 enhancement	 of	 the	 pituitary	 gland	 was	
detected	between	the	two	protocols	(IV	vs.	IA)	either	in	our	study	and	the	study	of	
Carmalt	 and	 Montgomery,	 despite	 the	 substantially	 lower	 total	 iodine	 dosage	






increase	 the	 total	 iodine	 dosage	 administered	 using	 an	 IV	 protocol	 are	 limited.	 A	
potential	major	advantage	of	the	IV	technique	is	the	ability	to	evaluate	lesions	that	
are	characterised	by	increased	vascular	permeability	due	to	the	increased	scan	delay	
of	 the	 IV	 technique	compared	to	 the	 IA	 technique.	A	potential	major	advantage	of	
the	IA	technique	is	the	ability	to	evaluate	lesions	that	are	characterised	by	increased	
blood	 flow,	 as	 the	 protocol	 assures	 the	 presence	 of	 an	 intra-arterial	 phase	 while	
scanning.	 Further	 research	 to	 improve	 the	 IA	 protocol,	 to	 assure	 the	 visibility	 of	
vascular	 permeability	 is	 therefore	 the	 best	 option	 to	 further	 ameliorate	 contrast-
enhanced	CT	in	horses.		
	
The	 aim	 of	 the	 last	 study	 (chapter	 7)	 was	 to	 determine	 a	 pituitary	 gland	
height-to-brain	 area	 ratio	 using	 contrast-enhanced	 CT	 in	 healthy	 horses	 without	
PPID.	 Several	 studies	 have	 previously	 described	 the	 appearance	 and	 size	 of	 the	
pituitary	 gland	 using	 CT	 [41,	 75]	 or	 histopathology	 [76-79]	 on	 healthy	 and	 PPID	
affected	 horses.	 In	 the	 studies	 describing	 the	 histopathologic	 appearance	 of	 the	
pituitary	 gland,	 several	 factors	 (age	 [77,	 78],	 gender	 [77,	 79]	 and	 season	 [78,	 79])	
influencing	 the	pituitary	gland	 size	 in	healthy	horses	were	 taken	 into	account.	The	
size	of	the	horse	however	was	not	included	or	considered	in	these	studies,	although	
it	has	been	described	in	dogs	[80,	81].		
The	 results	 in	 chapter	 7	 show	 that	 both	 age	 and	 size	 of	 the	 horses	 were	
significantly	 associated	 with	 the	 pituitary	 gland	 height.	 A	 previous	 CT	 study	 [41]	
showed	a	significant	difference	in	pituitary	gland	height	between	PPID	affected	and	
non-PPID	 affected	 aged	 horses.	 However,	 several	 non-PPID	 affected	 horses	 in	
chapter	 7	 showed	 pituitary	 gland	 heights	 approaching	 the	 pituitary	 gland	 sizes	





only	 2/8	horses	of	 the	 faculty’s	 research	herd	met	 the	 inclusion	 criteria	of	 normal	
ACTH	 values.	 To	 determine	 the	 seasonal	 effect	 on	 the	 pituitary	 gland	 size,	 a	
longitudinal	 study	 of	more	 than	 2	 horses	 is	 necessary	 to	 allow	 statistical	 analysis.	
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However,	 the	 reported	 increase	 in	 histomorphometric	 values	 of	 the	 PI	 and	 higher	
histological	 grades	 of	 the	 pituitary	 gland	 in	 the	 fall	 months	 suggests	 seasonal	
changes	in	the	pituitary	gland	tissue	[79].	In	line	with	this	finding	the	results	of	the	2	
horses	 with	 normal	 ACTH	 values	 showed	 that	 all	 measurements	 of	 the	 scans	
performed	 in	 the	 autumn	 were	 higher	 compared	 to	 the	 scans	 subsequently	
performed	out	of	season.	This	is	in	line	with	the	2	cases	represented	in	the	study	of	
Pease	 et	 al.	 (2011).	 These	 results	 seem	 to	 suggest	 an	 association	 between	 season	
and	 pituitary	 gland	 size.	 This	 would	 be	 in	 agreement	 with	 the	 well-described	





similar	 contrast	enhancement	protocol	 (250	mL	contrast	medium	 injected	 into	 the	
vena	 jugularis)	 was	 used	 as	 described	 by	 Carmalt	 and	 Montgomery	 (2015).	 The	
limited	 enhancement	 of	 the	 pituitary	 gland	 using	 this	 protocol	 compared	 to	 the	
protocol	used	in	dogs	could	explain	the	inability	to	detect	the	distinct	pituitary	flush	
(the	distinct	contrast	enhancement	of	the	pituitary	pars	nervosa)	described	in	dogs.	
Further	 dynamic	 imaging	 studies	 using	 more	 enhancing	 protocols	 as	 described	 in	
chapters	6	and	7	could	contradict	the	statement	made	by	Pease	et	al.	(2011).		
	
In	 conclusion,	 the	 results	 of	 this	 research	work	have	provided	new	 insights	
into	 the	 capabilities	 and	 advantages	 of	 CT	 compared	 to	 other	 imaging	modalities	
(mainly	radiography).	Further	research	on	contrast-enhanced	CT,	for	example	using	
double	 intra-arterial	 contrast	 enhancement	 protocols	 [72]	 could	 provide	 more	
homogenously	 distributed	 contrast	 enhancement	 in	 the	 equine	 head	 and	 increase	
the	 ability	 to	 detect	 subtle	 abnormalities.	 In	 addition,	 the	 development	 of	 new	
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to	properly	 choose	between	 the	different	 imaging	modalities,	practitioners	need	a	










part	 of	 this	 thesis	 is	 to	 compare	 radiography	 and	 CT	 in	 their	 ability	 to	 detect,	
describe	and	diagnose	bony	lesions	occurring	in	horses.	The	aim	of	the	second	part	
of	 this	 thesis	 is	 to	 establish	 and/or	 evaluate	 contrast–enhanced	 CT	 protocols	 and	
applications	used	for	the	equine	head.	
	
In	 the	 third	 chapter	 the	 differences	 between	 radiography	 and	 CT	 in	
visualising	 equine	 distal	 limb	 fractures	 and	 their	 anatomic	 characteristics	 is	
described.	Four	observers	retrospectively	reviewed	the	radiographic	and	CT	images	




radiography	 had	 very	 good	 intramodality	 agreement	 in	 identifying	 fractures,	 but	
intermodality	 agreement	 was	 lower.	 There	 was	 good	 intermodality	 and	
intramodality	 agreement	 for	 anatomical	 localisation	 and	 the	 identification	 of	
fracture	displacement.	Agreement	 for	 articular	 involvement,	 fracture	 comminution	
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and	 fracture	 fragment	 number	 was	 towards	 the	 lower	 limit	 of	 good	 agreement.	
There	 was	 poor	 to	 fair	 intermodality	 agreement	 regarding	 fracture	 orientation,	
fracture	 width	 and	 coalescing	 cracks;	 intramodality	 agreement	 was	 higher	 for	 CT	
than	for	radiography	for	these	features.	
In	 conclusion,	 CT	 offers	 added	 value	 in	 diagnosing	 distal	 limb	 fractures	 in	
horses.	Relative	to	radiography,	CT	 is	better	capable	 in	detecting	the	presence	of	a	
fracture;	 there	 is	 more	 agreement	 over	 the	 fracture	 orientation	 and	 the	 other	
fracture	characteristics.		
	
In	 the	 fourth	 chapter	 the	 differences	 between	 radiography	 and	 CT	 in	
visualising	 equine	 head	 fractures	 and	 their	 anatomic	 characteristics	 are	 described.	
Two	observers	retrospectively	reviewed	the	radiographic	and	CT	images	of	18	horses	
with	 a	 head	 fracture.	 To	 allow	 direct	 comparison	 between	 the	 two	 modalities,	 a	
simplified	 fracture	 classification	 system	 was	 used.	 In	 3/18	 cases,	 radiographic	
examination	 revealed	 no	 abnormalities.	 In	 2/15	 cases	 soft	 tissue	 involvement	was	
not	 detected	 and	 in	 7/15	 cases	 the	 extension	 of	 the	 fracture	was	 underestimated	
with	radiography	in	comparison	to	CT.	Radiography	classified	4/10	multiple	fractures	
incorrectly	as	single	fractures	and	5/15	comminuted	fractures	on	CT	were	diagnosed	
as	 simple	 fractures	 with	 radiography.	 In	 line	with	 this	 last	 finding,	 the	 number	 of	
fragments	was	underestimated	with	radiography	in	14/15	cases.	
In	conclusion,	radiography	is	able	to	diagnose	a	head	fracture	in	most	cases.	
Head	 fractures	 however	 are	 not	 similarly	 classified	 after	 radiographic	 and	 CT	




arthrography	 of	 a	 stifle	 joint,	 in	 an	 adult	 Warmblood	 horse,	 compared	 to	 the	
physical,	 radiographic	 and	 ultrasonographic	 examinations	 are	 documented.	 CT	 in	
combination	with	CT	arthrography	showed	multiple	lesions	in	the	stifle:	a	traumatic	
osteochondrosis	like	lesion	of	the	medial	femoral	condyle,	bony	fragments,	cartilage	













IA	 (n=12)	 contrast-enhanced	CT	 of	 the	 head	 recovered	well	without	 complications	
from	 the	 procedures.	 Compared	 to	 the	 pre-contrast	 studies,	 post-contrast	 studies	
showed	significant	contrast	enhancement	in	the	pituitary	gland	(IA:	p	<	0.0001;	IV:	p	





0.2;	 IV	 p	 =	 0.57),	 IA	 brainstem	 (p	 =	 0.88),	 IV	 nose	 septum	 (p	 =	 0.26),	 IV	 temporal	
muscle	 (p	=	0.09)	and	 IV	masseter	muscle	 (p	=	0.46).	Three	different	 categories	of	
abnormal	enhancement	were	detected:	a	strong	vascularised	mass,	an	enhanced	rim	
surrounding	 an	 unenhanced	 structure	 and	 an	 inflamed	 anatomical	 structure	 with	
abnormal	contrast	enhancement.	
In	 conclusion,	 using	 the	 intra-arterial	 technique,	 similar	 contrast	
enhancement	 is	achieved	using	 less	contrast	medium	compared	to	the	 intravenous	
technique.	A	potential	major	advantage	of	the	IA	technique	is	the	ability	to	evaluate	
lesions	 that	 are	 characterised	 by	 increased	 blood	 flow.	 Using	 the	 intravenous	
technique,	 a	 symmetrical	 and	 homogenous	 enhancement	 is	 achieved,	 however	










the	 possibility	 of	 using	 the	 pituitary	 gland	 height-to-brain	 area	 ratio	 (P:B	 ratio)	 to	
allow	 comparison	 of	 different	 sized	 and	 aged	 horses.	 This	 cross-sectional	 study	
included	 32	 horses	 without	 pituitary	 pars	 intermedia	 dysfunction	 (PPID),	 that	
underwent	 a	 contrast-enhanced	 CT	 examination.	 The	 pituitary	 gland	 height	 was	










research	 provided	 additional	 insight	 in	 the	 capabilities	 and	 advantages	 of	 CT	 in	
equine	 medicine.	 The	 major	 disadvantage	 of	 CT	 however	 is	 the	 need	 for	 general	




for	head	structures	 the	ability	 to	perform	CT	examination	on	 the	standing	sedated	










In	 de	 afgelopen	 decennia	 heeft	 de	 medische	 beeldvorming	 in	 de	
diergeneeskunde	een	enorme	ontwikkeling	doorgemaakt.	Radiografie	en	echografie	
behoren	 nog	 steeds	 tot	 de	 primaire	 diagnostische	 modaliteiten	 en	 zijn	 ruim	
beschikbaar	 in	 de	 paardengeneeskunde.	 Daarnaast	 beschikken	 steeds	 meer	
paardenklinieken	 ook	 over	 geavanceerde	 beeldvormingsmodaliteiten	 zoals	
computertomografie	 (CT)	of	magnetische	 resonantie	 (MR).	Om	een	correcte	keuze	
te	maken	tussen	de	verschillende	onderzoeksmodaliteiten,	afhankelijk	van	de	aan	te	
tonen	 pathologie,	 is	 het	 noodzakelijk	 dat	 de	 dierenarts	 op	 de	 hoogte	 is	 van	 de	
mogelijkheden	 en	 beperkingen	 van	 iedere	 modaliteit.	 Het	 algemene	 doel	 van	 dit	
doctoraatswerk	 was	 om	 een	 beter	 inzicht	 te	 verkrijgen	 in	 het	 gebruik,	 de	
mogelijkheden	en	de	voordelen	van	CT	voor	de	paardengeneeskunde.	
	
In	 het	 eerste	 hoofdstuk	 van	 dit	 proefschrift	 worden	 eerst	 de	 algemene	
principes	van	CT	bij	het	paard	beschreven.	Daarna	wordt	er	een	overzicht	gegeven	
van	 de	meest	 voorkomende	 toepassingen	 van	CT	 in	 de	 paardengeneeskunde,	met	




doctoraatsonderzoek	 geformuleerd.	 De	 doelstelling	 van	 het	 eerste	 deel	 van	 dit	
proefschrift	is	na	te	gaan	in	hoeverre	botletsels	bij	paarden	op	basis	van	radiografie	
en	 CT	 kunnen	 worden	 beschreven	 en	 gediagnosticeerd.	 De	 doelstelling	 van	 het	








Cohen’s	 kappa	 en	 gewogen	 kappa	 statistieken	werden	 gebruikt	 om	 de	 onderlinge	
verschillen	 tussen	 de	 evaluatoren	 en	 de	 modaliteiten	 te	 beoordelen.	 Zowel	 voor	
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radiografie	 als	 CT	 was	 de	 “intramodaliteit”-betrouwbaarheid	 zeer	 goed,	 de	
“intermodaliteit”-betrouwbaarheid	 was	 echter	 lager.	 Zowel	 de	 “intra-“	 als	 de	
“intermodaliteit”-betrouwbaarheid	voor	het	anatomisch	lokaliseren	en	identificeren	
van	 verplaatsingen	 van	 fracturen	 waren	 goed.	 De	 betrouwbaarheid	 voor	 het	
beoordelen	 van:	 betrokkenheid	 van	 een	 gewricht,	 het	 herkennen	 van	 verbrijzeling	
en	 het	 aantal	 aanwezige	 fragmenten	 was	 aan	 de	 ondergrens	 van	 goed.	 De	
“intermodaliteit”-betrouwbaarheid	 voor	 het	 bepalen	 van	 de	 fractuur	 configuratie,	
de	 fractuur	 “gap”	 en	 het	 identificeren	 van	 extra	 fissuren	 in	 de	 nabijheid	 van	 de	
fractuur	was	slecht	tot	matig,	de	“intramodaliteit”-betrouwbaarheid	van	CT	was	voor	
deze	punten	steeds	hoger	dan	voor	radiografie.	
De	 conclusie	 van	 deze	 studie	 is	 dat	 CT,	 vergeleken	 met	 radiografie,	 extra	
diagnostische	 informatie	 oplevert	 met	 betrekking	 tot	 onderbeenfracturen	 bij	
paarden.	 CT	 is	 beter	 in	 het	 detecteren	 en	 het	 visualiseren	 van	 deze	 fracturen	
vergeleken	met	radiografie.	
		
In	 het	 vierde	 hoofdstuk	 van	 dit	 proefschrift	 zijn	 de	 verschillen	 tussen	
radiografie	en	CT	in	het	detecteren,	beschrijven	en	diagnosticeren	van	fracturen	ter	
hoogte	 van	 het	 hoofd	 bij	 het	 paard	 beschreven.	 In	 dit	 onderzoek	 werden	 de	
radiografische	 en	 CT-beelden	 van	 18	 paarden	 met	 een	 schedelfractuur	 door	 2	
evaluatoren	retrospectief	bekeken	en	op	zes	verschillende	punten	gescoord.	Om	de	
beoordelingen	 van	 de	 evaluatoren	 met	 elkaar	 te	 kunnen	 vergelijken	 werd	 een	
vereenvoudigd	fractuurclassificatiesysteem	gebruikt.	Op	basis	van	de	radiografische	
beelden	werd	in	3/18	gevallen	geen	fractuur	gedetecteerd.	In	2/15	gevallen	werd	er	
geen	 weke	 delen	 betrokkenheid	 gediagnosticeerd	 en	 in	 7/15	 gevallen	 werd	 de	
uitgebreidheid	 van	 het	 letsel	 onderschat	 op	 basis	 van	 de	 radiografische	 beelden.	
Daarnaast	 werd	 in	 4/10	 gevallen	 radiografisch	 een	 enkelvoudige	 fractuur	
gediagnosticeerd	in	plaats	van	een	multipele	fractuur	en	in	5/15	gevallen	werd	een	











In	 het	 vijfde	 hoofdstuk	 wordt	 bij	 een	 volwassen	 warmbloedpaard	 de	
diagnostische	 waarde	 van	 CT	 in	 combinatie	 met	 CT-artrografie	 bij	 een	 knieletsel	
vergeleken	 ten	 opzichte	 van	 het	 klinisch,	 radiografisch	 en	 echografisch	 onderzoek.	
Met	 behulp	 van	 CT	 in	 combinatie	met	 CT-artrografie	 werden	 verschillende	 letsels	
gedetecteerd	 in	het	kniegewricht,	namelijk	een	traumatisch	osteochondrosis-achtig	
letsel	 aan	 de	 caudo-axiale	 rand	 van	 de	 mediale	 femurcondyl,	 een	 mineralisatie	
tussen	 de	 mediale	 meniscus	 en	 de	 mediale	 femurcondyl	 met	 een	 groefvormige	
beschadiging	 van	 het	 kraakbeen	 van	 dezelfde	 condyl	 en	 een	 letsel	 in	 de	 caudale	
kruisband.	De	ernst	van	de	letsels	en	bijbehorende	slechte	prognose	als	sportpaard	







In	 het	 zesde	 hoofdstuk	 worden	 een	 intraveneus	 (IV)	 en	 een	 intra-arterieel	
(IA)	contrastprotocol	voor	CT	van	het	hoofd	bij	paarden	geëvalueerd.	De	normale	en	
abnormale	 aankleuring	 van	 de	 weke	 delen	 van	 het	 hoofd	 zij	 beschreven	 en	
vergeleken	na	het	toedienen	van	een	systemische	IV	contrastbolus	en	een	directe	IA	
contrast	 toediening.	 Hiervoor	 werden	 24	 paarden	 bestudeerd:	 12	 paarden	
ondergingen	 het	 IV-protocol	 en	 12	 paarden	 het	 IA-protocol.	 Er	 werden	 geen	
complicaties	 opgemerkt	 tijdens	 en	 na	 de	 recovery	 van	 de	 paarden.	 In	 vergelijking	
met	de	native-CT	studies,	werd	een	significante	contrast	aankleuring	opgemerkt	van	
de	 hypofyse	 (IA:	 p	 <	 0,0001;	 IV:	 p	 <	 0,0001),	 het	 neusseptum	 (IA:	 p	 =	 0,002),	 de	
neusmucosa	(IA:	p	<	0,0001;	IV:	p	=	0,02),	parotis	speekselklier	(IA:	p	<	0,0001;	IV	p	<	
0,0001),	het	cerebrum	(IA:	p	<	0,0001;	IV:	p	<	0,0001),	de	longus	capitis	spier	(IA:	p	<	
0,0001;	 IV	p	=	0,001),	de	 temporaal	 spier	 (IA:	p	<	0,0001),	de	masseter	 spier	 (IA	p	
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De	 conclusies	 van	 deze	 studie	 zijn	 dat	men	minder	 contrastvloeistof	 nodig	
heeft	 voor	 het	 IA-protocol	 vergeleken	 met	 het	 IV-protocol,	 om	 een	 vergelijkbare	
aankleuring	van	de	weke	delen	structuren	te	bekomen.	Het	potentieel	belangrijkste	
voordeel	 van	 het	 IA-protocol	 is	 dat	 men	 structuren	 met	 een	 verhoogde	




is	 dat	 men	 extravasatie	 gemakkelijker	 kan	 detecteren.	 Kennis	 van	 de	 normale	
aankleuringspatronen	 beschreven	 in	 deze	 studie	 zal	 het	 herkennen	 van	
abnormaliteiten	vergemakkelijken.	
	
In	het	zevende	hoofdstuk	zijn	de	 invloeden	van	de	 lichaamsgrootte,	 leeftijd	
en	geslacht	op	de	grootte	van	de	hypofyse	bij	het	paard	bestudeerd.	Daarnaast	is	de	
mogelijkheid	 beoordeeld	 om	 de	 ratio	 tussen	 de	 hoogte	 van	 de	 hypofyse	 en	 het	
hersenoppervlak	 (de	 P:B-ratio)	 te	 gebruiken	 om	 de	 hypofyse	 van	 paarden	 van	
verschillende	grootten	en	 leeftijden	met	elkaar	 te	 vergelijken.	Hiervoor	werden	32	
paarden	 zonder	 hypofyse	 pars	 intermedia	 dysfunctie	 (PPID	 –	 of	 misschien	 beter	
gekend	onder	de	naam	Cushing),	 die	 een	 contrast-CT	ondergingen	bestudeerd.	De	
gemeten	 hoogte	 van	 de	 hypofyse	 en	 de	 bijbehorende	 berekende	 P:B-ratio	 werd	






Er	 was	 geen	 significante	 correlatie	 tussen	 de	 P:B-ratio	 enerzijds	 en	 de	
lichaamsgrootte	(p=0,25),	de	leeftijd	(p=0,06)	of	het	geslacht	(p=0,25)	anderzijds.	






hoofdstuk.	 De	 resultaten	 van	 dit	 proefschrift	 geven	 meer	 inzicht	 in	 de	
mogelijkheden	 en	 voordelen	 van	 het	 gebruik	 van	 CT	 in	 de	 paardengeneeskunde.	
Hierbij	 moet	 echter	 opgemerkt	 worden	 dat	 het	 grootste	 nadeel	 van	 een	 CT-
onderzoek	de	algemene	anesthesie	is.	Om	deze	redenen	wordt	staande	laagveld-MR	
dan	 ook	 gebruikt	 om	 bijvoorbeeld	 subtiele	 onderbeenfracturen	 bij	 staande	
gesedeerde	paarden	te	diagnosticeren.	Om	na	te	gaan	of	CT	dan	wel	MR	de	meest	
geschikte	modaliteit	is	om	deze	subtiele	letsels	te	diagnosticeren	zijn	er	bijkomende	




van	 het	 hoofd	 is	 echter	 duidelijk	 afhankelijk	 van	 het	 gebruikte	 contrastprotocol.	
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Dan	 rest	mij	 nu	 enkel	 nog	 om	 eenieder	 te	 bedanken	 die	 direct	 of	 indirect	




Een	 doctoraat	 schrijven	 gaat	 niet	 zonder	 de	 toegewijde	 begeleiding	 van	
promotoren.	 Ingrid	daarom	wil	 ik	 beginnen	met	 jou	hartelijk	 te	bedanken	 voor	de	
jarenlange,	 zeer	 aangename	 samenwerking.	 Een	 samenwerking	die	 begonnen	 is	 in	
het	voorlaatste	 jaar	van	mijn	 studies.	 Ik	kan	me	onze	eerste	ontmoeting	nog	goed	
herinneren.	Er	moest	een	literatuurstudie	geschreven	worden	over	CT	van	de	knie	bij	






nalezen	 en	 verbeteren	 van	 de	 verschillende	 manuscripten	 en	 de	 verschillende	
brieven	aan	de	editors	die	daarbij	meegestuurd	moesten	worden.		
	





ben	 je	 uiteraard	 ontzettend	 dankbaar	 dat	 je	me	 geïntroduceerd	 hebt	 bij	 Teun	 en	
Leendert-Jan.		
	
Katrien,	 jij	 bent	 als	 derde	 toegevoegd	 bij	 de	 promotoren,	 maar	 in	 de	













opnemen	 van	 deze	 taak	 en	 het	 zorgen	 dat	 de	 officiële	 bijeenkomsten	 en	
verplichtingen	in	goede	banen	zijn	geleid	met	dit	werk	als	eindresultaat.	
	
Prof.	 Dr.	 Vlaminck,	 secretaris	 van	 de	 examencommissie,	 lid	 van	 de	
begeleidingscommissie,	 maar	 ook	 de	 clinicus	 die	 de	 afgelopen	 jaren	 de	 meeste	
patiënten	voor	CT	heeft	doorverwezen.	Naast	de	belangrijke	officiële	taak	waarvoor	
ik	 je	bedank,	wil	 ik	 je	 vooral	ook	bedanken	voor	alle	 case	besprekingen	die	we	de	
afgelopen	jaar	gehad	hebben.		
	
Em.	 Prof.	 Dr.	 Verschooten,	 beste	 Francis,	 uw	 gedrevenheid,	 passie	 en	





voor	 het	 zetelen	 in	 de	 begeleidingscommissie	 en	 examencommissie	 van	 mijn	
doctoraat.		
	
Prof.	 Dr.	 Weller,	 dear	 Renate,	 your	 work	 drive	 but	 above	 all	 your	 great	
personality	are	to	admire.	Your	comments	were	always	correct	and	to	the	point,	but	
with	the	necessary	humour	(I	quote:	“Wouldn’t	it	be	better	to	use	proper	English?”).	














ging	 om	 even	 de	 kliniek	 te	 bespreken,	 een	 opmerking	 van	 een	 reviewer	 door	 te	
nemen,	 een	 tekstuele	 vraag	 op	 te	 lossen	 of	 gewoon	 om	 even	 een	 frustratie	 te	






and	 visit!	 Lieve	 en	 Kaatje	 succes	met	 jullie	 verdere	 carrière.	 Collega’s,	we	 houden	
contact!	
	




we	 bij	 de	 beeldvorming	 hebben	 om	 altijd	 direct	 van	 je	 technische	 ondersteuning	
gebruik	 te	 kunnen	maken	 is	 een	 groot	 voorrecht	 en	 het	maakt	 ons	 leven	 in	 ieder	
geval	een	stuk	gemakkelijker.	Uiteraard	ook	een	grote	dank	voor	het	ontwerpen	van	
de	 cover	 van	 dit	 proefschrift!	 Het	 is	 altijd	 een	 plezier	 geweest	 om	 met	 jullie	 te	





De	 collega	 radiologen	 voor	 paard,	 Els,	 Stijn,	 Sarah,	 Elke,	 Lise,	 Fred	 en	 Prof.	
Dik,	 ik	heb	van	 jullie	veel	mogen	 leren	de	afgelopen	 jaren,	de	structurele,	kritische	
interpretatie	 van	 de	 kleinste	 details	 op	 een	 radiografie	 is	 een	 vaardigheid,	 die	 ik	
voornamelijk	 door	 jullie	 geleerd	 heb,	waarvoor	 dank.	 Ik	 hoop	 dat	we	 elkaar	 in	 de	






rust	 en	 kalmte	 die	 je	 uitstraalt	 ook	 als	 het	 even	 iets	 spannender	 wordt	 is	
bewonderingswaardig	 en	 ik	 heb	 in	 de	 loop	 van	 de	 jaren	 gezien	 dat	 je	 de	
vaardigheden	van	een	goede	anesthesist	en	deze	rust	op	alle	jonge	residenten	hebt	
overgedragen,	 chapeau	 en	 heel	 veel	 dank	 daarvoor.	 Hoewel	 het	 altijd	 even	
spannend	was	om	met	een	nieuwe	anesthesist	voor	het	eerst	een	paard	vanuit	de	







assistentes	 van	 de	 operatiezaal,	 Carolien,	 Valerie	 en	 Cindy	 en	 de	 agenda	 planning	














goede	 morgen,	 de	 (volledig	 logische)	 administratieve	 zaken	 van	 de	 universiteit	
worden	door	 jullie	 fantastisch	 geregeld,	waardoor	 de	 rest	 van	de	 vakgroep	 zich	 in	
onze	ogen	op	“belangrijkere”	zaken	kan	focussen.	Uiteraard	ook	een	grote	dank	aan	
de	 collega	 radiologen	 voor	 de	 kleine	 huisdieren,	 Emmelie,	 Eva,	 Kathelijne,	 Ines,	
Yseult,	 Pascaline,	 Anais,	 Caroline,	 Laure,	 Olivia,	 Blandine	 en	 de	 orthopeden	






Helga,	 Julie	 en	 Elke	 en	 de	 collega’s	 van	 de	 dienst	 Inwendige	 ziekten	 Laurence,	




Duchateau	 of	 door	 Dr.	 Bart	 Broeckx	 uitgevoerd.	 Men	 zegt	 weleens	 dat	 men	 met	




Erik	 je	 aanstekelijk	 enthousiasme	 over	 de	 praktijk	 in	 combinatie	 met	 de	
wetenschap	zijn	van	grote	invloed	geweest	op	mijn	carrière.	Het	’s	avonds	nog	even	







Zoals	 eerder	 vermeld	ben	 ik	 deeltijds,	met	 veel	 plezier	 in	Bodegraven	 gaan	




Bart,	 Sander,	 Hans,	 Hanneke,	 Dick,	 Charissa,	 Ilse,	 Eddy,	 Doreen,	 Wouter,	 Nathan,	









keer	 samen	 gaan	 skiën.	 Wouter	 we	 kunnen	 wel	 concluderen	 dat	 we	 gelijkaardig	
terecht	zijn	gekomen,	Lolkje	ik	zal	zien	dat	ik	me	wat	vaker,	iets	ruimer	op	voorhand,	




allerbeste	 toe	 voor	 je	 residency,	 je	 doctoraat	 en	 je	 toekomst.	 Brecht,	 ik	 denk	 nog	
regelmatig	met	plezier	terug	naar	de	weken	dat	we	samen	intern	hebben	gezeten	in	
het	laatste	jaar	van	de	studie.	










aanvulling	 van	de	 familie.	Maar	of	 het	 nu	 ver	weg	 is	 of	 dichtbij,	 ik	waardeer	 jullie	
enorm!	
	
Papa	 en	mama,	 jullie	 voorbeeld	 volgende	 en	 een	 eigen	 (wijze)	 weg	 in	 het	
leven	te	kiezen,	met	een	duidelijk	doel	voor	ogen,	is	een	van	de	belangrijke	redenen	
dat	we	 vandaag	bij	 deze	mijlpaal	 zijn	 aangekomen.	De	wetenschap	dat	 jullie	 altijd	
klaar	 staan	met	 raad	en	ondersteuning	maakt	het	 leven	een	stuk	gemakkelijker.	 Ik	




liefste	 Charlotte,	 voor	 jou	 de	 laatste	 woorden,	 de	 laatste	 fase	 van	 een	 doctoraat	
schijnt	niet	altijd	gemakkelijk	te	zijn	en	de	kandidaat	schijnt	dan	af	en	toe	humeurig	
en	verstrooid	te	kunnen	reageren.	Gelukkig	heb	jij	daar	geen	last	van	gehad…	Liefste	


































































“The	 important	 thing	 is	 not	 to	 stop	 questioning.	 Curiosity	 has	 its	 own	 reason	 for	
existing.”	
Albert	Einstein	
		
 
